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Alabama Power Co.'s Gorgas Steam Plant No. 2, left, with Plant No. 3, 
right, under construction 
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STEAM GENERATING UNITS, NUCLEAR REACTORS, PAPER MILL EQUIPMENT 








The C-E Unit shown above ts presently under construction for the 
Dean H. Mitchell Station of the Northern Indiana Public Service 
Company at Gary, Indiana. Sargent and Lundy, Inc., are the con- 
sulting engineers 

This boiler is designed to serve a 125,000 kw turbine-generator 
operating at a throttle pressure of 1800 psig with a primary stean 
temperature of 1005 F, reheated to 1005 | 

It is of the controlled-circulation, radiant reheat type with a 
divided furnace arrangement. The reheater section is located 
between the primary ind secondary superhe iter surfaces and an 
economizer section is located below the rear superheater surface 
Regenerative type air heaters follow the economizer surface. 

Pulverized coal firing is employed using bowl mills and tilting, 
tangential burners. Natural gas will also be used and arrangements 


are made for future use of oil if desired 


PULVERITERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; DOMEST WATER HEATERS; SOIL PIPE 
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Advantages of the Ljungstrom Air Preheater FUEL ECONOMY is the big reason 

Size for size, the Ljungstrom recovers more 
® Size for size, recovers more heat thon any other type . 
heat than any other type of air preheater. 
And with every 45-50 F of air preheat 


you cut your fuel bill 1%. 


® Reduces fvel consumption. Permits use of lower-grode 


fuels. Increases boiler ovtput and reliability 


E minotes cold spots keeps corrosion to o minimum , 
Write now for your copy of our 38-page 
Easier, faster to clean and maintain . . . 
manual, for handy reference. 
Requires far less supporting stee! ond is quickly erected 











The Air Preheater Corporations 60 ts: 42nd street, New York 17, W.¥. 
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le 85% Magnesia Insulating feed water line at Plant 
operating efhciency of Hammond. Contractor for this 
the South's largest iob was Brooks-Fisher Insulat 


ity installations ing Company of Atlanta,Georgia 





J-M 85% Magnesia Insulation helps cut 
fuel rate 25% below national average 


F Officials of the Georgia Power Com- was the selection of insulation. Johns operating efficiency. In all types of 
pany were gratified when the coal rate Manville’s 85% Magnesia was applied manufacturing and processing plants 
of their new Plant Hammond worked in the most economical thicknesses it is the standard for temperatures to 
out at 0.75 lb. per KW HR, 254 be- throughout the plant for all piping 6001 providing high insulating 

- low the national average. In their ind equipment operating in its tem- value, easy application, long life, initial 
annual Flectrical Industry Statistics, perature range. At higher tempera low cost and minimum maintenance 
Electrical World had reported that tures 85% Magnesia was used in Write today for further information 
increased efficiency in the techniques combination with J-M Superex’ dia on J-M 85% Magnesia and Johns 
of power production has lowered the tomaceous silica insulation Manville’s complete drawing-board 
average coal rate to 1 lb. per KW HR This is only one of thousands of case to-job-site insulation service. Address 
in 1954 histories where ]-M 85% Magnesia Johns-Manville, Box 60, New York 

An important factor contributing has helped industry achieve out 16, New York. In Canada, Port Credit, 
to Plant Hammond's high efficiency standing fuel savings and increased Ontario. 





§/¥) Jonns-Manville 424% INSULATION 


MATERIALS “ENGINEERING - APPLICATION 
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The Hagan Delta ‘P’ Transmitter is a sturdy, 
compact, force-balance instrument for pneu- 
matically transmitting large pressure differ- 
ence measurements. Consider these features: 


. No stuffing boxes, torque tubes or pressure- 
tight bearings. 

. Not affected by static pressure changes. 

. Usable at any static pressures up to 3000 
psig. 

. Full scale pressure difference measuring 
ranges from 50 psi to 300 psi with 1% full 
scale accuracy. 


5. Shut-off and by-pass valves integral with 
instrument. 


. Not damaged by accidental application of 
full line pressure to either side of measuring 
element. 


. Stainless steel pressure elements, cadmium- 
plated steel frame. 


. Shock and vibration proof design. 


HAGAN CORPORATION 


HAGAN BUILDING, PITTSBURGH 30, PA. 


Systems and Components for: Boiler 
Combustion Control, Metallurgical Furnace 
Control, Process Control, Aeronautical 
Testing Facilities © Industrial Water Treat 
ment © Chemicals for Water Conditioning 


HAGAN SUBSIDIARIES: CALGON, INC. © HALL LABORATORIES, INC. 


A few Applications of the 


Delta ‘P’ Transmitter 


Pneumatic signals from the transmitter 
are in the range of 0-30 psig, and may be 
used for indications and records, or for 
control of factors involved in such func- 
tions as: 


Pressure difference between steam and 
boiler feedwater headers. 

Steam pressure drop across superhe:ter. 

Pressure drop between boiler outlet and 
turbine throttle. 

Pressure drop across high pressure heat 
exchangers. 

Measuring pressure drop across liquid 
flow control valves for graduated con- 
trol of pump discharge presssure. 

As a “square root” flow meter when pres- 
sure differentials are higher than con- 
ventional flow meter design. 

Measuring pressure differentials for alarm 
signal purposes under critical operating 
conditions, such as seal gas pressure 
during repair periods in a catalytic 
reformer unit. 
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Makes your ears wince? 





Nothing like a symphonWeorchestra under a 
competent director .. . or, in industrial con- 
struction, a general contractor integrating 


the individual skills of many trades. Yet, the ; ; 
papa ; Ask us in—to collaborate with your engineers. 
fabricating and erecting of high-temperature 


and high-pressure piping is a job only for a 
W. K. MITCHELL & CO., INC. 


soloist—a soloist of highly-specialized talent. 
Philadelphia 46, Pa. 


PIPING 


SINCE 1899 


PIPING FABRICATORS AND CONTRACTORS 
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Sabrooke Station’s third generating unit adds 30,000 kw: raises system capacity of Central Illinois 


Demand tops 100,000 kw mark 


Central Illinois Electric and Gas Co. puts new 


generating unit on the line to meet area needs; 
relies on American Blower Mechanical Draft Fans. 


enerating unit began oper- 
ibrooke Station, the Centr il 
narked a milestone. / 

the electrical needs of it 


OO 000 kw ! 


Ame rical 


Sabrook« 
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AMERICAN BLOWER PRODUCTS 
SERVE AMERICA’S POWER NEEDS 


American 
Blower 


reports on progress 
in power 


Mechanical Draft Fans for forced 
and induced draft. 


Gyrol Fluid Drives for boiler feed- 
pump and fan control. 


». to 156.450 kw. 


in Rockford, Ill. 


Heavy duty steam coils for 
high-pressure duty. 


Collectors and precipitators for 
dust and fly ash control. 


Ameri an Blower Forced Draft Fan has Capac ity 
ol 4 f ( lb & 5” sp & ys 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICH. @ CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of Amemcan - Standard 


AMERICAN © = BLOWER 


* “ 


COMBUSTION—March 1956 








How fixed electrodes assure top efficiency 
in a Buell ‘‘SF’’ Precipitator 


Sly On Center }; 


t ISSages 


tc 


- 
Magid assembly bi peas 





vine TRY @ PowER 


Even when high-resistivity dusts must be collected, top efficiency is guaran- 
teed by the exclusive shape of Buell’s Spiralectrodes—proved to give 50-100% 
greater emission than straight wires. Exclusive Continuous Cycle Rapping 
virtually eliminates maintenance by keeping electrodes constantly clean. 


GET ALL THE FACTS 


Write to: 

Buell Engineering Company, 
Buell Cyclones also assure top efficiency Dept. 70-C,70 Pine Street, 
with large diameter design to eliminate New York 5. New York 
clogging and by harnessing double 
eddy and putting it to work 


Buell’s Low Resistance Fly Ash Collector 
combines top efficiency to meet present 


strictness, with low draft loss for natural 
or mechanical installations Wwe 


MECHANICAL \ >) 


—— Experts at delivering Extra Eficiencyin DUST COLLECTION SYSTEMS 
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THIS PRODUCTION “DOUBLE CHECK”’ 
SAFEGUARDS YOUR BOILER INVESTMENT! 


m Yes, here is one extra production step we will never 
bypass! It is your guarantee of a dependable, long-life 
blow-off valve. 

In this corner of the YaRway Testing Department, 
every Yarway Blow-Off Valve is hydrostatically tested at 
1 |. times its rated maximum working pressure — proved 
drop- tight for service far beyond normal expectancy. 

Not only blow-off valves, but al? YARWAY equipment 
undergoes rigorous tests before leaving the YARWAY 
plant. Why? For one reason—to assure longer and 
better service in your plant. Over 15,000 boiler plants 
are using YARWAY Blow-Off Valves—some for twenty- 
thirty years, or longer. 

Whenever you are in need of boiler blow-off valves, 
be sure to make Yarway your way. 


YARNALL-WARING COMPANY 
100 Mermaid Avenue, Philadelphia 18, Pa. 
BRANCH OFFICES IN PRINCIPAL CITIES 


YAR WAY steam plant equipment 





BLOW-OFF VALVES DIGESTER VALVES 
WATER COLUMNS AND GAGES STEAM TRAPS 
REMOTE LIQUID LEVEL INDICATORS STRAINERS 
EXPANSION JOINTS SPRAY NOZZLES 
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“BUFFALO” 
VARIABLE INLET DRAFT CONTROL 
—WITH FIXED VANE PERFORMANCE AT WIDE OPEN POSITION 


The variable inlet vanes of this ‘““Buffalo”’ Forced Draft Fan are cantilevered into 
the fan’s inlet shroud, with the operating linkage behind the shroud and entirely 
out of the air stream. This provides clear and unobstructed air flow. Further, the 
variable vanes are curved to the same degree as the well-known “Buffalo” fixed 
vanes, for which the fan is designed. Because “Buffalo’’ Fans are designed for 
fixed vanes the use of variable vanes results in less than one percent reduction in 
rated capacity. Construction is accessible and trouble-free. The entire lever 
and control ring assembly is permanently aligned for smooth operation with 


no backlash. 


Here is one more illustration of the ““Q”’ Factor* of performance and satis- 


faction that is yours when you specify “Buffalo” for mechanical draft. 


*The “QQ” Factor — the built-in Quality which provides 


trouble-free satisfaction and long life. 


BUFFALO FORGE 


BUFFALO, 


Canadian Blower & Forge Co., Ltd., 


VENTILATING AIR CLEANING AIR TEMPERING PRESSURE BLOWING 
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Note how cantilevered arrangement of “Buffalo” Variable Inlet Vanes 
permits unobstructed air flow. Write for Bulletin F-1510 for full details 


on this smooth draft control with high performance. 


COMPANY 


NEW YORK 


Kitchener, Ontario 


INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING 
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Centralized controls for station service switching, two 125,000 kw turbines, generators and boilers are in this 
room. Republic sub-panels on the bench board provide for either automatic or manual contro! of the boilers 


Operating Boilers Electronically at 
Alabama Power Company’s NEW BARRY PLANT 


At t! 


two 


1e new Barry Steam Plant near Mobile, Alabama, 
900,000 lbs. per hour pulverized coal fired 
yperating at 1875 psi and 1000 F. are con- 


2 Republic Electronic Master Combustion 


boilers 
trolled by 


Control System 


Electronic impulses control pneumatically operated 
fuel, draft 


Master 


instantaneously 


and feedwater regulators on the boilers 


control signals are transmitted practically 
permitting fast control response and 


close boiler control 
To ensure that both final firing rate and air flow will 
rapidly and accurately follow changes in steam load, 


the 


master control 


control system normally follows a dual element 
This master controls the boiler auxil- 
iaries from a rapid and proportional steam flow function 
together with a stabilized steam pressure function 
Such a the 


contro! 


system combines features of derivative 


with automatic correction for fuel variation in 


such a manner that the effects of load swings are 


minimized almost to the vanishing point. Other control 
problems such as feedwater control and steam tem 
perature control are simplified by the coordination 
of boiler auxiliary functions due to this system of 
combustion control 


Boiler feedwater is controlled automatically by a 
Republic three-element feedwater control. To prevent 
heat damage to feedwater pumps during low flows, a 
Republic pump by-pass system has been installed 
It automatically maintains a minimum flow of 125 gpm 
through each pump (two pumps per boiler) returning 
by-passed water to the deaerating heater storage tank 


Final efficiency tests recently completed at the Barry 
plant indicate the expected plant heat rate has been 
fully realized. There are Republic Automatic Combus- 
tion Control Systems — electronic or pneumatic — for 
methods of fuel firing 


For full 


all sizes and types of boilers, all 
and for any arrangement of draft equipment 


details, write today 


REPUBLIC FLOW METERS CO. 


2240 Diversey Parkway, Chicago 47, Illinois 
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GENERAL REFRACTORIES COMPANY 
P! 


SEND FOR THE MOTION PICTURE: THE GREFCO STORY 


It is a beautiful 16 mm. motion picture in full color 
and sound which relates the fascinating and little 
understood story about the refractories industry... 
the industry behind industry. Viewing time is 26 
G We fF F Cc Oo minutes. If you would like to show it to executive, 
employee, social, church or viher groups, a re- 
quest on your letterhead is all that is necessary. 
Address General Refractories, Philadelphia 2. 
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UNCERTAIN OPERATING COSTS BOTHER YOU 


depend on 


the only 


You'll win in the long run by burning 
Bituminous! Today and tomorrow, 
supply is unlimited and the vast 

reserves are right on the threshold of the 
major manulacturing centers 
Bituminous, too, has the highest 
potential for cost improvement among 
competing industrial fuels. Year in 

and year 9ut new methods and machines 
are designed to control costs 


and improve burning efficiency. 


Let B&O's Technical Service fit this fuel to 
your long range power plans. 

Ask our man! 

COAL TRAFFIC DEPARTMENT 

BALTIMORE & OHIO RAILROAD 


Baltimore 1, Maryland 
Phone: LExington 9-0400 


2 


2 
% : 


“« 
BITUMINOUS COALS FOR EVERY PURPOSE 
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Ma Tih. 
HL II} COKE: Development in Petroleum 


Refining Produces Valuable New Fuel 


A relative newcomer to the power field, fluid 
coke seems destined to attain prominence in a 
short time. Although used in the charge of a 
by-product coking oven, and for various metal- 
lurgical processes, etc., fluid coke will find its 
principal use as a combustion material. 


What is fluid coke? Fluid coke is a product of a 
new refining process developed and patented by 
the Esso Research and Engineering Company, a 
process which produces a high yield of gas-oil, 
which can be cracked to high octane gas, and a 
relatively low yield of coke. The coke itself differs 
greatly from regular petroleum coke. Particles are 
small, like fine sand. The particles pour freely, 
and are clean in comparison with other coke. Fluid 
coke burns with a minimum of ash. Even allowing 
for an extra high ratio of unburned carbon, up to 
20°, heat output is comparable to that of coal of 
about 14,000 B.t.u./lb. Auxiliary fuel such as oil 
or high volatile coal must be used to bring coke 
up to ignition temperature and maintain a reg- 


ular flame 


How much fluid coke is being produced? Present 
capacity of refineries is only 350 tons per day. 
However, total capacity of all plants now in the 
building or planning stage will run about 2,500 
tons per day, or about %4 of the production of 
petroleum coke in this country. All companies are 


producing the coke under license from Esso. 


Who is using fluid coke? First boiler installation 
designed to use fluid coke as a primary fuel will 
be the Delaware Power & Light Company plant 
at Delaware City, Delaware. Coke will come from 
the refinery built by Tide Water Associated Oil 


Company. Another eastern utility has provided 
an outlet for the production of Esso’s Baltimore 
refinery. Other utilities and industrial power 
installations will follow suit as production of the 


coke increases. 


A small free sample of the fluid coke is available — 


simply write to the address listed below. 


Plants which will use fluid coke as commercial fuel in 
clude the new Delaware City Power Station of Delaware 
Power & Light Company. This plant will serve the neu 
Tide Water Associated Delaware Flying —A— Refinery 
now under construction 15 miles south of Wilmington 
with C. F. Braun & Co. as engineers and contractors 
Stock Equipment Company is proud to announce that 
pecially-designed S-E-Co. Valves and Scales, like the 
ones pictured above, will be used to weigh coke as it 


goes to the pult erizers, 


STOCK Equipment Company 
745-C HANNA BLDG., CLEVELAND 15, OHIO 
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Today’s 
 C-F STANDARD BOILERS | 


bring new standards of economy and reliability 


If you need steam from 4,000 to 120,000 pounds per hour — or high- 
temperature water for heating or process applications — one of these 
versatile C-E Boilers will give you economical, standout performance. 

Collectively, they offer you an exceptional diversity of choice. A brief 
consideration of the features of each will help you “pin-point” the 
design characteristics best suited to your situation. And remember: 
While they are standard in design (which means lower first cost and 
proven performance ), they are still flexible enough to be easily adapted 
to your exact requirements. 

Of course, Combustion Boilers are available in other 2-drum designs 
... for capacities up to 350,000 Ib of steam per hr .. . for pressures to 
1375 psig ... for temperatures to 960 F.... for any fuel or method 
of firing. 

Please feel free to call upon us for further detailed information. 
Catalogs of each of the units shown here are available upon request. 


COMBUSTION ENGINEERING 


Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y. 
Canada—Combustion Engineering-Superheater, Ltd., Montreal 


STEAM GENERATING UNITS; NUCLEAR REACTORS; PULVERIZERS, AIR SEPARATORS & 
FLASH DRYING SYSTEMS; PRESSURE VESSELS; AUTOMATIC WATER HEATERS; SOIL PIPE 
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C-E Vertical- Unit Boiler, Type VU-55 


Capacity—from 50,000 to 120,000 !b of steam per hr 


The VU-55 Boiler is available in six sizes and is 
designed for two pressure ranges — up to 250 psig 
and to 500 psig. These units are arranged for the 
application of superheater surface and heat recov- 
ery equipment if desired. VU-55 Boilers are de- 
signed for the pressure firing of oil or gaseous fuel 
and require no induced draft fan. They are equipped 
with tangential burners and tangent tube furnace 
walls to assure a level of performance which com- 
pares favorably with modern utility practice. The 
VU-55 Boiler is bottom supported, requiring no 
supporting steel structure. The absence of exterior 
ductwork permits a smooth, streamlined exterior 
which is both attractive and practical. 
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C-E Vertical-Unit Boiler, Type VU-10 
Capacity—from 10,000 to 60,000 Ib of steam per hr 


The VU-10 is available in nine sizes . . . for operating 
pressures up to 475 psi...superheat to 200 F in 20,000 
60,000 Ib range . . . for solid, liquid, or gaseous fuels 
This boiler is a completely standardized design adapt 
able to many conditions. It is bottom-supported and 
needs no outside supporting steel. It operates efficiently 
over a wide range of output, and is easy to operate and 
to maintain. All parts are easily accessible for inspection 
The VU-10 is a complete unit — boiler, furnace, setting, 
fuel-burning equipment, controls, forced draft, heat re 
covery equipment (if desired). Regardless of fuel, the 
same general cross-sectional arrangements of drums, con- 
vection bank and furnace wall cooling is used. Uniform 
design through each transverse section assures even 
































water level in the drum and uniform expansion 
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C-E Package Boiler, Type VP 


from 4,000 to 40,000 Ib of steam per 
This completely shop-assembled boiler is available in 
fourteen sizes . . . for operating pressures up to 500 psi 
for pressure firing of liquid or gaseous fuels. The VP 
Boiler has more water-cooled area per cubic foot of 
furnace volume than any other boiler of its size and 
type. The large lower drum — 30-inch diameter — per- 
mits a simple, symmetrical tube arrangement .. . greater 
water storage capacity ... easy access for washing down 
or inspection. A low speed centrifugal fan which is ex- 
ceptionally quiet in operation is standard equipment. 
The simple baffle arrangement results in low draft loss 
simple soot blowing .. . no dead pockets .. . high 
heat absorption. The VP is enclosed in a reinforced, ga 
tight, welded steel casing, and shipped completely as- 
sembled with firing equipment, fittings and forced draft 
fan. For foundation, it needs only a simple concrete slab 
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The New C-E LaMont Controlled 
Circulation Hot Water Boiler 


Capacities up to 200,000,000 Btu per hr 


For those applications where high temperature water 
has inherent advantages over steam—and there are many 
— the C-E La Mont HT Boiler has numerous points of 
superiority. Among the more important of these are 
1. Complete control over HT water movement in both 
system and boiler. 

2. Low pressure loss is inherent so no separate boiler 
pump is required 

3. Pressurized operation with oil or gas means no induced 
draft fan — simple stack 

4. Single-pass design has no baffles—low draft loss—cleaner 
boiler 

5. More efficient heating surface can be arranged because 
of positive, controlled circulation. 

6. Other features such as: steel enclosed setting — few 
headers, all accessible—any fuel, oil, gas or coal. For 
pressures to 300 psig and temperatures to about 425 F. 
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- the Toughest Bronze Valve Your Money Can Buy 


NEWLY DESIGNED HANODWHEEL: Potented 
: offords sur . ° . . 
— The stainless steel, corrosion resistant seats and discs are heat treated td a 


20 led nger-fit hondwhee 
even with greasy glo 


hardness of 500 Brinell — hard enough to scratch glass and crush nails! The 
valve can be closed on sand, slag, and pipe scale without injury to the seating 
surfaces. “Wire drawing” is practically eliminated. All parts are accurately 
machined and gaged. Years of tight, positive shut-off are assured. 
Available in both globe and angle types (angle type: No. 227P) in sizes 


4,” to 2”, this quality valve is recommended for 350 lbs. W.S.P. at 550 F, 


and 1000 Ibs. non-shock service on cold water, oil, gas, or air. 
For full data on this long-life, economical Walworth Bronze Valve. see 
IMPROVED PACKING: Molded packing of your local Walworth distributor, or write for Circular. 


bricoted asbestos reinforced with copper 
«. Switeble for proctically every service 
ves con be repecked under pressure when 


SEATS AND DISCS: Plug type seots ond discs 

MEXACONAL WNGN SOMEIET OVERSIZE STEM of stainless steel, heat-trected to 500 

CONNECTION bonnet The high-tensile strength Brinell hordness and machined simultone- 

n eliminotes an on ’ silicon-bronze stem assures ously to @ mirror-like finish, with accurate 

eckose ev , valy ‘ long life ond protection tapers assures tight positive shut-off with 
ogainst weor minimum hondwheel effort 


WALWORTH 


valves and fittings 
60 EAST 42nd STREET, NEW YORK 17, N.Y. 


EXTRA STRONG BODY: Mode of Compos 
tien M (ASTM 66!) bronze. Thick wolls and 
rugged hexes provide ao high safety factor 

ndergo hydrostot she test of 


DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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High differential pressure is main- \ 
tained across the tip of the fixed- 
orifice spray nozzle in steam line. 


Carburetor-type desuperheaters avail- 
able with both Steam-Assist and 


straight 


nechanical-atomizing systems. 


NEW Copes-Vulcan 


These high-quality pressure reducing and desuper- 
heating stations offer the latest advances in reducing 
valves and desuperheaters. They give you an in- 
tegrated station designed specifically to meet your 
operating needs. 

Copes-Vulcan valves--diaphragm or piston oper- 
ated, depending on your conditions give close 
modulating control. Simplified design means 
optimum operating characteristics with easy, low- 
cost maintenance. 

The Steam-Assist Desuperheater advances a new 
principle in reducing steam temperatures. Cooling 
water and assisting steam are mixed in the erclusive 
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Schematic installation of a Copes-Vulcan pressure 
reducing and Steam-Assist desuperheating station. 


Pressure Reducing and Desuperheating Stations 


mechanical atomization is needed 


swirl chamber, upstream from the point of injec 
No large steam bubbles form to cause hammer “Packaged” control systems by Copes-Vulcan 
mean undivided responsibility, custom design and 
lifetime engineering service. They assure top per 


tion 
or vibration. Flow of assisting steam can be auto 
matically reduced as load increases, and shut off 
completely at high loads where no more than formance over an unusually long service life. 


COPES-VULCAN DIVISION 
BLAW-KNOX COMPANY 


Erie 4, Pennsylvania 
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Great Northern Paper Co. gets 


t East Millinocket, Maine, the Great 
Northern Paper Company is completing 
a $45,000,000 expansion program that will bring 
total mill capacity to 1,000 tons of newsprint 
per day. Constructed by Stone and Webster 
Engineering Corp., this mill represents the last 
word in modern paper-making methods and 
equipment 
In the new and completely modern power 
plant, boiler feedwater is handled by three 
identical Ingersoll-Rand 10-stage double-case 
pumps, each rated 757 gpm, 1554 psi discharge, 
287°F. The cylindrical, double-case construc- 
tion of these Class CHTA high-pressure pumps 


PERFORMANCE PLUS ECONOMY 


with New I-R Boiler-Feed Pumps 


simplifies maintenance, permits equalized ther- 
mal expansion of all internal parts and assures 
sustained high efficiency. This extra perform- 
ance means long-range economy in heavy-duty 
service. 

Other I-R Cameron pumps are also widely 
used throughout this ultra-modern mill. In fact 
you'll find the familiar I-R nameplate on more 
than 70unitsin various plant and process services 

Whatever your liquid-moving requirements, 
there’s an I-R pump that’s right for the job 
Any time you have a pumping problem, your 
Ingersoll-Rand representative will be glad to 
help you. 





-Rand 


1) BROADWAY, NEW YORK 4, N.Y 10-310 











PUMPS @ COMPRESSORS @ CONDENSERS @ DIESEL ENGINES @ VACUUM EQUIPMENT @ AIR AND ELECTRIC TOOLS 
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SAVE TIME 


CcuT CosTs 


And Get 
BETTER PIPING 
by using THESE 
PFI STANDARDS 


Good standards, understood and accepted by 
an industry, become a touchstone which speeds 
operation, improves product and reduces costs. 
The eight PFI Standards shown here were 
compiled by the Engineering and Standards 
Committee of the Pipe Fabrication Institute. 
They are now widely used by designers, 
fabricators, contractors and users of pressure 
piping. They often save time on the drawing 
board 
save time and money in erection. It all adds up 


. expedite materials delivery .. . 


to better piping quicker... and maximum value 
per dollar of cost. 

These Standards are available without cost to 
anyone interested. Simply return the coupon or 
write on your company letterhead. 


THE PIPE FABRICATION 


Devoted to the 
Technical and Economic Problems in Piping 


INSTITUTE 





THE PIPE FABRICATION INSTITUTE 
One Gateway Center—Pittsburgh 22, Pa. 


Please send me without obligation the PFI Standards | have circled 


below: 
A 8 c 5 E F G H 
["] Check here for copies of all future PFI Standards. 


quanenen ewes eee ew eee 


NAME 
ADORESS 
carry , STATE 
ee ee ee ee ce ae ee ee a ee ee 
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Heavy-walled sections of new and existing alloys, most never before used for the purpose, are tested 


’ 


and evaluated Dy Kellogg toward ng design and 


i periormance of main a 


nd reneat steam piping 


M. W. KELLOGG METALLURGY KEEPS PACE 


With wall thicknesses of main and reheat steam piping for current 
steam-electric power plants already approaching the upper limits of 
practicality, supercritical pressures and temperatures present a multi- 
plicity of metallurgical problems to the power piping designer and 
fabricator. New and stronger stable alloys must be developed, new 
rials found, and new welding techniques and heat treating 

perfected. 
M. W. Kellogg Company, new materials containing alloying 
molybdenum, cobalt, tungsten, nitrogen, and titanium 
on to chromium, nickel, and columbium—are now being in- 
d for long term high pressure service to 1300 deg. F. Most have 
before been used for main or reheat steam piping. Heavy-walled 
sections of these materials are welded, tested, and evaluated by every 
known technique at Kellogg’s Jersey City metallurgical laboratories. 
The results of these continuing studies will prove extremely valuable 


to consulting engineers, engineers of power generating companies, and 


manufecturers of boilers, turbines, and allied equipment. 
FABRICATED PRODUCTS DIVISION 
THE M.W. KELLOGG COMPANY, 225 BROADWAY, NEW YORK 7,N.Y. 


The ¢ ; apanwy. L © Kellogo Inter rp., L ” terials and techniques, and then tested for strength 


Sections of piping are welded, using various ma- 


INCORPORATEIL and other « 











KELLOGG |, ie, 
iS tes es 


POWER PIPING~-THE VITAL LINK 
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There’s too much at stake 
—clean it right 


seen tt ower F an ’ - th. siaeadl ‘ , "7a vatiot Ore wits 

, ge — So4 , lipmet + . , ‘ ) ' ' ed Okla 
chemical cleaning service for industry <a 

A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 











Unretouched photo of Nalco treated boiler at 


open 
as e yeor Georgia Institute of Technology, Atlanta, Georgia 
rr 





® Calling this a mud drum serves only to identify its 
. ; 

a) a location . . . it is perfectly clean after a full year on line. 
The unretouched photo was taken immediately after 


the drum was opened. No wash-out was necessary. Not 


only is the drum free of scale and corrosion . . . Nalco 

WE sludge conditioning operated so effectively that even 

T Fat EM under the static, off-line draining condition, no sludge 
deposited in tubes or drums. 


The Nalco System can get results like these, economically, in 
your plant—regardless of boiler size or pressure. Write or phone Nalco today 


for action on a complete water treatment program. 


NATIONAL ALUMINATE CORPORATION 
Telephone: POrtsmouth 7-7240 
6234 West 66th Place . Chicago 38, Illinois 
In Canada: Alchem Limited. Burlington, Ontarie 


THE ® 


SYSTEM ... Serving Industry through Practical Applied Science 
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Consult an engineering firm 


ling hundreds of heating and power installa- 


bring you the latest 


Designing 
tions a year engineering firms can 


knowledge sts and equipment. If you are planning the 


construct w heating or power facilities—or the remodel- 
stallation one of these concerns will work 


wT 


engineering departme nt to effect substantial 


ficiency but in fuel economy over the years 


erm 


facts you should know about coal 


In most industr 1reas, bituminous coal is the lowest-cost fuel 


able « Up-to-date coal burning equipment can give you 
re steam per dollar « Automatic coal and 

can cut your labor cost to a minimum. 

to store and use ¢ No smoke or dust 

burned with modern equipment « Be- 

coal reserves and mechanized coal 

you can count on coal being plentiful 


1g stable 


Burning coal the 
modern way saves 
Carbide & Carbon 

$470,000 a year! 


Two years ago Carbide & Carbon Chemicals Co 

instituted a modernization program in the power 

department of its South Charleston, W. Va. plant 

Utilizing latest steam-generating techniques and 

equipment, the firm re placed an outmoded installa 

tion with a 289,000-lb.-per-hr. boiler fired with 
| 


pulverized coal, and completely revamped the rest 


of its power system. 


Today, this program has resulted in impressive 
annual savings. Lower fuel and maintenance costs 
save $85,000 increased efficiency, $175,000 
flyash re-use, $10,000 lower electrical power 
generation costs, $150,000 lower manpower 
costs, $50,000—a total savings of $470,000 a year 
plus continuing power service dependability at 


Carbide & Carbon. 


For further information or additional case bis- 
tories showing how other plants have saved money 


burning coal, write to the address below. 


NATIONAL COAL ASSOCIATION 


Southern Building. Washington, 5, D. ( 





Look! I can buy coal 
for much less a ton 
than youre paying. 





I used to buy that coal too, but it costs 
more per million BTU’s with a whole lot 
more in hidden costs. 


What do you mean 
by “hidden costs”? 





That coal you’re talking about is high 
in ash. So we were buying ashes at the 
coal price, paying freight on them from 
the mine, then paying to have them 
hauled away. Your “‘cheaper’’ coal 
clinkers; it smokes; it fouls the tubes. 
That means higher labor costs and higher 
maintenance. Now I pay more per ton 
and save thousands of dollars a year. 


Coals produced 
on the C&O are 
tops in quality. 





A C&O combustion engineer showed 
me why this grade of coal would work 
best in our type of installation and our 
experience has shown he was right. You'd 
better get some expert advice. It can save 
you money, too. 


—— 
There's co lot more to buying coc! oO « 
thon the cost per ton. Why not contact Cc hesapeake and h io Rai lway 
coal producers on the C&O to solve ; : 
your porticulor fuel requirements, or N 
ite to: R. C. Riedinger, Genera! Cool > 
Setiedentantiinnapeste and Ohio WORLD'S LARGEST CARRIER OF BITUMINOUS COAL 


Railway Company. Termine! Tower, IY 


Cleveland |, Ohio. 
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Return line corrosion resulting from carbonic acid 


ALL pHOULED UP 


pH—asymbol denoting the negative logarithm 
of the concentration of the hydrogen ion in 
gram atoms per liter. This scale permits the 
expression of both acidity and alkalinity in 
units which can be measured by means of a 


hydrogen electrode. 


That's what chemists say about it. 


Some of the things that power plant 


engineers say about it are best left 


unquoted 


A low pH value in condensate 


can cause a power plant engineer a 
lot of trouble. When the pH value of 
water goes below 6.9, it’s becoming 
-acid—and when it’s acid, it’s highly 
corrosive. Then it begins to eat away 
at the internal surfaces of pipes and 


return lines 


Corrosion caused by low pH is most 
effectively prevented by the applica- 
tion of Dearborn’s FILMEEN*® By form- 
ing a non-wettable, monomolecular 
coating on all metal surfaces with 
which treated steam or condensate 
j 


Dearborn Chemical 


of octadecylamine Teacthoen Chee 1< 


Merchandise Mart Pl 


opy of Bu 


s Dearborn 


Company 


come in contact, FILMEEN provides a 
protective, corrosion-inhibiting bar 
rier between water and metal. By pre 
venting the carbonic acid from touch 
ing the metal surfaces, FILMEEN thus 
keeps the lines corrosion-fre« 


When 


coming back to your boilers, it’s time 


you find rusty condensate 
to see your Dearborn repre sentative 
FILMEEN will re 


ay oid 


He'll show you how 


duce excessive maintenance 
shutdowns and prote t valuable equip 


ment in your power plant 


ompan Dept. COM 
$4, Ill 


Aza azo 


$01 


FILMEEN 


all 


4-B or 


representative 


Dravow 


Dearborn Chemical Company: Chicago 64 


COMBATTING CORROSION EVERYWHERE SINCE 1887 
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> - 4h. 
Ge Enclosed flight conveyor ond 60-ton coal bin A NOTH rs R G: AUTOMATIC 


Under-trock hopper ond coal storage silos ee 


Now nearing completion at 

Toms River, N. J., is the 

world’s most modern vat 
color producing plant—and helping in 
sure maximum power development 
with top economy will be the most efh 
cient coal handling system, by Gifford 
Wood. The system was designed and 
built by G-W engineers for Ciba States 
Limited, and includes unloading, stor- 
age, and feeding facilities 


New York 17 
420 Lexington Avenve 


COAL HANDLING SYSTEM... 


this time for Ciba States Ltd. 


For more than 140 years, G-W has As diagrammed, coal passes from hop 


met and solved materials-handling 
problems. This experience, coupled 
with planned application of the most gen dee te by grote tend. inten 
modern equipment, is at your disposal uti, ent Gam ahi Gn teal 
This project is only one example of elevator lifts it, by-passing the storage 
complete design, construction, and silos, to an enclosed flight conveyor dis 
erection under one responsibility charging into bins, which feed through 
For details on this, or other Giftord- coal scales to pulverizers 

Wood coal handling installations, 

please write for Bulletin No. 300 


GitForo-Wooo Co. 


Since 1814 
Hudson, New York 


per cors through crushers, and then by 
means of belt and bucket conveyors, to 


storage. Transfer of coal from stor 


St. Lowis 1 Chicago 6 
Railway Exchange Building 565 West Washington Street 


When You Think of Materials Handling —Think of Gifford-Wood 
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pressure relief... 


Cochrane 
Multiport Relief Valves 
offer versatility and safety 


roy 
ilves protect the 


itmosphe re 


ipor hamn 


or ‘ 


not rust 


aesigm d 


Cochrane 


Cc OR POR ATI O N 
3109 N. 17TH ST 
NEW YORK 


Deminerelizers + 


DEPENDABLE 
PROTECTION. 


“Old Faithful 


ves, Ul 
i-d-u-a 


ordinar 


‘ 


REET 


PHILADELPHIA 


Hot Process Softeners + Hot Zeolite Softeners + Dealkalizers + Reactors + Deaerators + Continuous Blowoff Systems + Condensate 
AD 13.1 








COCHRANE MULTIPORT RELIEF VALVE 
removed showir 


th cover 


Vaives that assure smoot? 


y re 


operatior 


re 


m 


ncipal cities in 5., Toronto 
ty, Mexice 
Mow 


Representatives in 30 pr 
Le Spezia, ltaly; Mex 

S on. Puerto ® Hor 
own Metal Products Division 


Hovone 


vstom b 





Pottst 
products 

van TR 
CHICAGO 


PHILADELPHIA 
> 





Return Systems + Specialties 


Florida Power & Light Co 
Cutler Station 


aa ae piping specialist 
in Power Plant Construction 


If you are concerned with the construction of a modern power 
Potomac Eiectric Power Co 
Buzzard Point Plant plant, you realize the absolute need for specialization in all phases 
of the work. Particularly is this true of the fabrication and instal- 
lation of the intricate piping which such a project requires. Only 
a specialist can provide the best in piping; that is, piping which is 
custom fabricated, properly installed, safely and economically de- 
ted & Mich Electric Co - 
Tanners Crest Plant signed for your specific needs. Shaw is such a specialist, qualified 
through years of experience to fabricate and erect power plant pip- 
ing for any pressure and any temperature you require. Since 1893, 
Shaw has devoted its resources, its talents and its energies to this 


kind of specialization. That’s why we say—if your operations de- 
Potomac Electric Power Co 4 J 
Potomac Mver Gen Sta 


pend on piping, you can depend on Shaw 


Shown here—and the names included are foremost in the in- 





dus*ry—are some of the many power plants in which the piping 


is Shaw-fabricated 


Pennsytvania Electric Co 
Seward Station Uert 5 


_—_ _ 
Det Power & Light Co Oteo Power Company tnd Ay. Electric Corp Houston Lighting & Pr. Co Houston Lighting & Pr. Co Houston Lighting & Pr. Co Houston Lighting & Pr Co 
Indven River Staton Philo Station Unt 6 Ciifty Cr. Sta. Units 1-6 Greens Bayou Staton Deepwater Station Unit 7 Wedster Staton Sam Bertron Staton 


BENJAMIN F. 


—— ft & Fi Ze wW/ 
Muskingum ® St Uerts 1-2 


COMPANY 


Main Offices and Plant: Wilmington, Delaware 
Piping Fabrication and Installation Since 1893 


Appatactwan Elec Power Co 
and OMe Powe: Compery 
Prchp Seorn Plant 
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The British Electrical Generation 
Picture 


Minister of Fuel and 
Power appointed a special committee under the chair 
Edwin Herbert to into ‘‘the 
ind efficiency of the electricity supply 
England and Wales’ as it was developing 
under the direction of the British Electricity Authority, 
Central Electricity Authority Phe 
report of this special committee is most revealing 


Some eighteen months ago the 
manship ot oir inquire 
organization 
industry in 


now known as the 


In brief the committee's major point was the feeling 
that the chief officers of the Central Electricity Authority 
were l 


overwhelmed with day-to-day tasks and should be 


relieved both of the executive responsibility for genera 


tion and transmission and of the present vague respon 
sibility for the industry as a whole. They should con 
centrate their energies, rather, on review of policies, 
programs expenditures. The actual construction 


ind operatio1 power stations and of the transmussior 
system, for example, should be assigned to a new organi 
ration. Such a reassignment, it was believed, would 
overcome the delays that are part and parcel of the pres 
ent organization and would remove the irritation prt 
luced by an overly centralized control upon the existing 
divisional directors 


weaknesses described such 
\uthority 


» the 


There were other, lesser 


the ibrogation of the 


control of business by 


committees, as originally envisaged, te more general 


practice mittee chairmen and deputy chairmen 
exercising this control. Further, there was felt to be 
evidence of too many men down the line having tor 
little to do. One strong recommendation called for 
inviting foreign manufacturers to bid for plant needs to 
induce keener trading by British firms The need for 
more research was stressed since the various Area Boards 
were held to be too dependent upon the manufacturers 
PO! tech 1 progre SS 

\ll the above indicates a healthy, realisti appr uisal 
of a governmental agency which has, in the main, done a 
creditable job in a very difficult area It must always 


be remembered, however, that actual performance of any 


ganization matter how excellent its paper organiza 
tion must ede to the old adage the proof of the 
pudding is in the eating rhis first sampling in the 


mittee report may indicate that the pud 


ients rather than the cooks are in need of a 


change The objectives of the Electricity Authority as 
riginall stablished apparently are too broad to be 
encompassed within the framework of a single body, in 
our opimiot! 
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Our view of the public utility industry, as we see it in 
the U.S.A., reveals an enterprise with so many ramifica 
tions we feel it would be a burden past all comprehension 
for any central agency to both rule it and run it \s 
such we could offer no constructive comments on how to 
broaden the organizational structure of the CEA to meet 
such a task 
Herbert Committee report and believe more decentrali 
electric 


Rather we sympathize with the gist of the 


zation is necessary for vigorous growth of the 
in England and Wales 


industry 


An Undersold Asset 


\t the recent AIEE Winter General Meeting there was 


considerable discussion of the problem of attracting 
young graduate engineers to the electric utility industry 
With respect to electrical engineering curricula, mention 
was made of the number of colleges which had dropped 
ind of the 
students choosing this option in the schools which still 
offered it Che 


grounds that (1 


the power option relatively small number of 


utility industry was criticized on the 


it had not placed its opportunities in 


terms ol glar jorous technicolor, as had the electrons 
industry, and (2) it had not placed enough stress upon 
research 

Yet to those who are well aware of the continuimg 
progressive engineering accomplishments of the electri 
utility industry, these criticisms are worthy of seriou 
thought Sometimes people-—-even civilization take 
progress for granted in the same sense that freedom 1 
undervalued until there is danger of its los It is the 


dramatic events that make up history that bring to thi 
mind of the public the enduring value of what otherwis« 
is merely accepted casually 
Something akin to this may be needed in 
students for the 
Progress in power generation is not just 
It is the result of planned effort of the utility 
industry and its consultants and suppliers. A 
portant catalyzing agent that links these efforts together 
is the freedom of interchange of information among the 
The work of the 
tees, including the 


recruiting 


engineering electric utility industry 
an accident of 
nature 


most im 


participants many technical commit 


power generation committees of the 
Association of Edison 
this 


But how many people outside of th 


and the 
contributes to 


Edison Electric Institut 
Mluminating 


exchange of data 


Companies, free 


electric utility industry and how many student engineers 


are aware of the role of such activities in promoting prog 


ress? Freedom of interchange of information remains 


an undersold asset of the electric utility industry 
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The Use of the Suction Pyrometer in 
Pulverized-Fuel-Fired Furnaces 


By A. M. GODRIDGE and G. G. THURLOW 
Physics Department, British Utilization Research Assn. 


Two factors complicate the use of the suc- 
tion pyrometer in ash-laden gases: (1 
Deposits forming on the radiation shield 
system can decrease the emissivity of the 
surfaces and hence seriously impair the ac- 
curacy of the instrument. (2) Certain 
types of radiation shields rapidly become 
blocked in termperature ranges where the 
dust is sticky, making observations diffi- 
cult to obtain. The form in which the ash 
collects on the instrument depends on 
ternperature. Special heads have been de- 
veloped for use in certain temperature 
bands. At higher temperatures still, 
where the slag is molten, different prob- 
lerns are met with, and briefly discussed. 


HE measurement of gas temperatures in industrial 


furnaces is not easy and, though various methods 
have been proposed or are in the course of develop 
instruments are even for 


these, 


ment, few accurate available 
intermittent testing and experimental use. Of 
the suction pyrometer is the most common and an all 
metal version of the instrument which will give accurate 
reliable temperature measurements up to 2200 F (1200 


at the exit to the combustion chamber of water 


), €.g., 
tube | 
(1 Some preliminary notes on the use of this instru 


wilers and similar appliances, has been reported 


ment with refractory heads at higher temperatures were 
given in the earlier report. The experimental work de 
scribed, however, was restricted to tests on stoker-fired 
furnaces and it was stressed that, owing to blockage and 
the build-up of deposits round the instrument, its use in 
its original form on pulverized-fuel-fired boilers and 
other appliances having a high dust burden is difficult 
he present paper discusses the use of the suction py 
rometer in such ‘‘dirty 

In a suction pyrometer, the temperature measured by 


gases 


1 thermocouple is made to approach very close to that of 
the gas in which it is immersed by sucking the gas across 
the thermocouple at a high velocity, so increasing the 
convective heat exchange. At the same time, 
of shields placed round the thermocouple reduces the 


a system 


radiation between it and surrounding surfaces, which are 
generally at a different temperature from the gas 

In the customary design of shield system the thermo 
series Of concentric rings, 


couple is surrounded by a 


preferably finned, the gas being drawn down the annular 


XXVIII 
odon W 


* Reprinted by special permission from the December ’ Vol 
No. 170. Jou he Institute of Fuel, 18 Devomshir 


Kagland 


x 


spaces between them. The outer shield takes up a tem 
perature between those of the gas and of the surrounding 
surfaces. The next inner shield then exchanges heat by 
radiation not to the wall but to the inner surface of the 
outer shield and, as this will be closer to the gas tem 
perature than the surrounding walls, the radiation is less 
und the temperature of the inner shield is still closer to 
the gas temperature. A similar argument applies to all 
subsequent shields and finally to the thermocouple 
sheath itself 

Dust in the flue gas can either collect on the probe and 
shield system, similar to the way deposits build up on the 
boiler walls and tubes, or be drawn into the shield system 
with the gas. The first and obvious effect of this dust is 
to block the gas passages, so reducing the flow and, 
hence, velocity over the thermocouple. 
sible that the deposit layers on the radiation shields can 
change significantly the amount of radiant heat exchange 
between them by altering the emissivity of these sur 


It 1S also pos 


faces. Generally speaking, the deposits raise the emis 
sivity with the that the shields 
effective 

rhe actual deposit layer on the outside of the shields 
ucts as an insulating layer and will tend to improve the 
of reading The increased thermal capacity, 
however, will reduce the speed of response of the py 
rometer and can, eventually, make it too sluggish to be 


result would be less 


rccuracy 


of value 

Che rate of build-up and form of the deposit layer 1s 
dependent both on the quantity and the properties of the 
particulate matter present in the The 
quantity and size of fly-ash particles vary from boiler to 
boiler, being more plentiful and generally smaller in 
pulverized-fuel-fired units than in stoker-fired units 
lable I summarizes some typical values, collected from 
various sources, for the dust burden in different appli 
unces as measured at the dust-extracting equipment 


stream 


y 
gas 


COMPARISON OF DUST 
APPLIANCES 


rABLE I BURDEN IN VARIOlL 


Per Cent of Ash Passing Per Cent of Dust 
through the Furnace as Smaller than 76,4 


Method of Firing Dust 200 Sieve 


Pulverized fuel (dry bottom 
Pulverized fuel (slag tay 10-50 
Traveling grate / 
Retort stoker |} 
Spreader stoker 


70-80 00-95 
About 90 


12 10-45 


10 60-65 


In the dry-bottom pulverized-fuel-fired furnace dis 
cussed later, the proportion of the ash in the fuel car- 
ried forward through the combustion chamber was 81 per 
maximum calorific rating) and 77 per cent 


Corresponding figures 


cent at mer 
at ecr (efficient calorific rating 
for the continuous slag-tap furnace are not available 

rhe high dust concentration met with in the pulver 


mbers in parentheses refer t B graphy at the end of the article 
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Fig. 1—Blockage and deposit build-up on the surface of any 
temperature measuring head poses problems for suction 


ized-fuel-fired units compared with stoker-fired units is 
clear from Table I. The amount of, and form in which, 
lust collects on and in the pyrometer is, however, pri 
marily determined by its adhesive ‘properties. If the 
ish is solid, it has little tendency to stick and experience 
that, under these conditions, little trouble is 
the suction pyrometer. If 
however, is high enough for the particles to 


has shown 


found when using the gas 
temperature, 
ind sticky, they will adhere both to one an 


y surface they come into contact with, re 


be plastic 
other and to an 
sulting in the rapid formation of sintered or “‘birdnesting 
an agglomeration of 


sintered together where they 


These consist of parti 
cles, slightly deformed and 
ire in contact Phe 
fingers, although with increasing gas tem 


coherent and 


le posits 


deposits can often be crumbled 
hetween the 


peratures, the deposits become more dens« 


ng rt} 


will be showr 


str ese deposits are bulky and grow fast and, as 
, Cause most trouble 
will be 


If the te ash 


completely 


mperature is high enough, the 
iquid and form 
Che problems of temperature 


1 
| 


a film which solidifies to a 


h ird, dark ( olore d glaze 


measurement under these conditions are in a class of 
ind appreciable work on them is being carried 
in the steel industry Though a short 


iuthors’ experiences when testing at these 


their owt 
out, particularly 
note on th 
cluded under Temperature Traverses, most 
aper is concerned with the range of tem 
which sintered deposits occur. Fig. 1 shows 


the original refractory head after be 


ymditious is in 
of the present 
peratures in 
the appearance of 

g used in the three temperature bands 

\s an indication of the levels of temperature at which 
these conditions may be expected, some examples of the 
uur coals under semi-reducing or oxidizing 
conditions are given in Table II It 
that the ash particles begin to get soft about 2000 F 


L000 C Below this temperature, the use of the suction 


propertse 5 
will be seen from 


these 


traightforward and procedures given in 
\bove this temperature and up 


pyrometer 1 
reverence l cat he used 


to 2550 F 


or more, trouble due to sintering de 
while, at still, 
met with 


HM) 
will occur higher 


liquid slag may be 


posits 


temperatures 


)PERTIES OF VARIOT 
AND PRATT (2 


Oxidizing 
Initial 
Deformati« Tem 
leg « Deg | 
280 1400 
390 
tin) (iver i4 
iver 1404 
It should be noted that the relevance of fusion tem 
nined in the laboratory to actual condi 


later 


peratures 


tions his point is considered again 
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pyrometers in pulverized fuel furnaces. Probe, left, shows 


deposits at 1600 F; middle, 2000 F; right, 2900 F 


Description of the Suction Pyrometer 


rhe design of pyrometer used in these tests was simi 
lar to that previously described rhe probe, Fig. 2, 
consists of a lO ft X 2 in. outside diameter water-cooled 
probe down which the gases are sucked by 


coupled by a 


means of a 
length of 
The probe 1s SO 


portable centrifugal blower 
flexible tubing to the end of the probe 
designed that the pressure drop down it is not large, 
enabling a high gas velocity the 
\ Pt Pt-Rh thermocouple passes up the 


to be maintained over 
thermocouple 
center of the probe to project 2-3 in. beyond the water 
a sheath \t 


, heads manufactured in 


is enclosed in 
1200 C 


cooling, where it gas tem 
peratures below 2200 F 
Inconel 76°15 Ni-Cr steel, having a melting range of 
2540 to 2600 F (1395 to 1425 C) can be 
consisting of four finned shields which form a detachable 
unit 
the water-cooled probe 
by a closed metal sheath, which is also finned 

For gas temperatures above 2200 F (1200C 
lic head and sheath must be replaced by refractory com 
rhe 


a plain alumina sheath, 


used, Fig. 3, 
6 in. long, fitted by a bayonet socket to the end of 
rhe thermox oupl 1S protec ted 


the metal 


ponents, the original design being shown in Fig. 4 
thermocouple is protected by 
closed at one end and cemeated into a metal cap at the 
other 
thermocouple wires 
water-cooled 


his screws on to the metal covering round the 


at a position about 6 in. within the 


rhe 


retractory 


section radiation shields consist of 


two concentri tubes cemented on to a metal 
base which fits into the water-cooled probe by means of 
socket Either the metal or the 
head or similar versions can be 
below about 1850 F (1000 C 
erties of the ash. Thus, on the dry-bottom, pulverized 
fuel-fired furnace tested, the metal head 
cessfully traversing the 
secondary superheaters see Temperature Traverse 
rhe effect of dust on both the metal and the refractory 
Fig 
uch as to 
difficult 
head had a 


a bayonet refractory 


used at temperatures 


dependent on the prop 


was used su 


when between primary and 


heads at slightly higher temperatures is shown in 
5. It will be seen that the 
make temperature 
and slow, if not impossible 

life 
of about 


rate of blockage is 


measurements very 
he refractory 
before complete blockage at the conditions of test 
lasted 


Effects of this order were observed when 


actual 


1S minutes, while the metal head only 
about 3 minutes 
heads on pulverized-fuel flames within the 


sticky 


using these 


temperature band where the dust particles wers 


lest Procedure 


rhe experimental work described in this paper was 
carried out on two pulverized-fuel-fired boilers. Ds 
tails of these rable III 
line diagrams of the combustion chambers art 


Wherever 


boilers are summarized in while 


giveti in 


Figs. 6 and 7 possible, precautions were 


35 








Fig. 2.—Diagram, above, of probe shows a thermocouple, 
(1) a bayonet pin for attaching shields, (2) a flange, (3) 


taken to allow for changes in the furnace temperature dur 


ing the tests \ “control’’ instrument was inserted into 
the furnace beside the pyrometer and held at a constant 
depth equal to approximately half that of the full traverse 
of the avoid th 


sive the control pyrom 


suction pyrometer ro need for exces 
water electricity, et 
the bottom 
thermocouple 

In the slag-tap furnace 
} 


recommended (1 


services 


eter used in dry furnace consisted of a 


Pt’ Pt-Rh 
sheath 


encased in an Inconel metal 
a second pyrometer, as 
previously was used as a control 
measured by the control and the suction 
ilternately at 


By considering the dif 


The temp rature 


ometer were recorded (-second inter 


vals on an electronic recorder 


ference between these two temperatures, effects due to 


chauges in boiler temperature level were approximately 


eliminated It was impossible to carry out this proce 


dure on some occasions at the higher gas temperatures 


practical limitations and, in these cases 


explored owing t 


Variations in ce temperature with time cannot be 


allowed { 


The 
ture 


use, in this type of work, of automatic tet 


ipera 


recording is to be recommended 


lhe Use of Filter 


he 


Che use of nichrome wire-gauze filters placed over t 
metal blockage 
The closed at 


the 


standard heads to reduce was first 


cylindrical filter end, 


end of the 


studied one 


pro 


truded over radiation shield and could be 

















Fig. 3—Finned radiation shields, bottom figure, 6-in. long, 
are fitted to the probe and a metal sheath to the thermo- 
couple, top. 


3% 


Ree! box 
contoining spore 


Exponsion pint 


Worer connechons puree fron 
an expansion joint, (4) water connections, (5) the suction 


connection, (6) and a reel box, (7) containing spare wire 


a “tight fit,’’ when the closed end of the 


gauze shield was in contact with the open end of the ra 


varied from 


diation shield, to a “‘loose fit,’’ when the closed end was 
approximately 2 in. away from the open end of the radia 
tion shield, s« 


The 


where 


giving a large area of gauze for gas flow 


results of these tests are summarized in Fig. 5, 
the the 


been plott d relative to the reading of the control thermo 


temperature ol suction pyrometer has 


couple It will be seen from Fig. 8 that spot readings are 


possible with the uncovered metal shield and, from the 


! 
agreement which was found between observations when 
metal and refractory shield at this point it is 
that the 


temper: 
Cirle. 


using the 
peak reading is (within a 
With the 


observed reading drops rapidly 


reasonable to assume 
the 
however, 


true iture metal 
the 
filter with 
the 
though the 
the reading lower in by 
The 


for any particular 


few degrees 
shield 

\ gauze 
extend 


i large suriace area would 
ible steady 
1 by 


caused DY 


time when reasor 


possible, cooling 


’ 
ibout 
magnitude of this error could, h« 


nstallation bv a spot comp 


WeV 


distane 
the 


out a filter, preferably at two or three 


boiler The filter whi 


head is obviously of n 


observed re 


iding 
tests showe 


I hese 


is necessary in orcde » tray on | red-fuel 


nrea 
boilers with the 
the 


easily removy 


rthodox metal | Is ; miperatures 
Che l 


filters over 


where dust is sticky use of suitab] 


ible gauze the heads 
certain instances quicker readings, though 
efficiency,” to be obtained 
It became 
that the gas flow 


reversed in an 


ipparent in the early stages of 
through the it 


attempt to clear blockag 


ge 


strument sho 


cools the radiation shield, causing the sticky 


the shield to set solid and to block it completely 


Similar conclusions to the above apply to 


filters on refractory heads 


The Use of 


Thick Refractory Head 


It is easy to construct a fairly complex shield systen 


in metal but when it is because of the ten 


necessary 


rhe term 
relative to the 
the efficiency 


where @ iifference tween mperature ar that 


sheathed therm ple, dix t ¥ ea nt to the pyrometer 


difference bet od temperature of the pvrometer 
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BB 


Fig. 4—Gas temperatures above 2200 F require a different 
head from the metallic one, Fig. 3. Above is the original 2- 


perature ! lved to build refractory, con 


structional ulties arise ! vy, however, it 1s 


high 


possible uccuracy comparable with that of a 


with a fairly simple refractory head 


thermal conductivity and emissivity of 
the shield is de 
emissivity, ilso on the ther 
the i thick cylinder of a 


thermal conductivity 


\s the efficiency 
the 


fered by 


but 
head 


with a hole bored 


would act as a form of radiation shield 


new approach to the design of pyr 


Nien of orthodox shield syste1 


ney 


mnprove d by con 


nd the 


betwee! h nieias 
W ithe 


surfaces 1 innular spaces 
uch heat input, the thermal conductiy 


hield would need to be very low to give 


ilue to even a simple series of shields 
sages through the thickness of the 
les, will 


porta 


block such 


improve the ind will 


elnciency 
nt effect in reducing the take t 
nd to changes in temperature 


and the 


time 


irison of “‘thick more « 


liation shield ts straightforward 


the eff 


not 


iluation of 


omm ] ‘ ¢ be 
Phe 


ily with 


efhicienc’ ymplex radiation shi 

The efhi 
head depe nds toa large extent on the 
this slightly 


with temperature 


increasing temperature 


thick 
1eral, 
fall 
verse occurs with some refr 
Vy ol 
ity 


conductivity In rises 


ger 
the efficiency will 
materials 


ictory 


a thick head is not nearly so de 


is is that of the complex radiatior 
iffes ted 


iffected by deposit 


} 


outer and inner faces being 
uld therefore, be 
hould give reasor1 service in condi 

l shields are ut 


thick h slower thar 
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Section 


wo; 3 


X J 
‘ > — 


Refractory 


<—Ther mocouple 
“ sheoth 


~ 


4 A 
Se ee 3 


=x ee oe 
77.5 "| 





thrd AA 


shield refractory head employed in the reported tests. Sec- 
tion through BB is shown in (a) and through AA in (b 


that of 


proved 


1 complex radiation 

somewhat, however, 
through the head as previously described 
! The thick-head 


bust, an important consideration in pr 
I ' 


type ol design will 
ctu 
irea of the suction holes can be kept relative 
these, being circular, should, further, be « 


With these considerations in 
in the 


mund, the 


following sections were designed 


Le 


lle 


4 


\ sectional view of four refractory 

Fig 

were used as they may easily be shaped with 
and soft drill Phe 
Table I\ Phe he 

| 


bayonet socket with quick-drying cement and 


to the end of 


Super Selfrac bricks 1s shown 1n 


dimensions of the head 


ads were cemented « 


the normal way the water-cooled probs 


Lhe result these four heads art 
Fig 1f) 


irious heads are 


5 Ol tests « 
the temperatures mea 
plotted 
the observed temperature 


ullima4rs 


where ured with 


igainst time For ease of 


omparisor have been plotted 


Fig. 5—Blockage on both metal and refractory heads occurs 
at higher gas temperatures within a matter of minutes 





maximum reading 
conditions, with the 
rhe simple sheathed thermo 
s a control showed that there was no appre 


in each case as differences from the 


observed, under the original 


2-shield 


couple used a 


Same 


refractory head 


ciable change in furnace temperature between compara 
tive tests 

Fig. 10 shows that 1) the thick head with the large 
true temperature than 


small bore 2) the accuracy of the 


bore readings closer to the 
the head with the 
reading was improved by the circle of holes round the 
shield; (3) the ‘‘life’’ of the large-bore heads before block 
age was appreciably better than with either the original 
thick heads L: tests 


oar 
Rave 


2-shield) or the small-bore iter 





bot fle 
k baffie 
Temperoture 


oe “Me 


amma 9 


Fig. 6—Dry-bottom, pulverized-fuel furnace tangentially- 
firing coal of 2310-2350 F ash fusion temperature was tested 


38 


confirmed that runs up to 60 minutes can be carried out 
appreciable falling-off in 
apparent, when using either of the two large-bore heads 

It is apparent that the shield having a large bore and 
applied gives the 


before any reading becomes 


four holes down which suction may be 
most accurate temperature reading of the new heads and 
has also a reasonably long life rhis type of head may 
be readily cleaned on removal from the hot gas stream 
It is probable that a head having a large bore 
accurate, but as the fragility 
of the head increased with the number of holes, this varia 
tion was not attempted. All further tests were therefore 
conducted with large four-holed heads, 
both from Super Selfra l 


and six 


holes would be even more 


bore these being 


made und zircon bricks The 


MODIFIED rHI 
HEADS+* 


rORY 


arr 


—— 
+ cig 


tt 


A Truneacel| 
| lg | A 
il | \ 
(({h i} | 
| IPRIMARY 
||FURNACE 


SLAG TANK — j|,-~ 


Fig. 7—Continuous slag-tap pulverized fuel furnace burning 
a 2280-2370 F ash-fusion coal served for a second experiment 
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Ww 
© 


8 


Differential temperature, 





Time, 


Fig.{8—Nichrome wire-gauze filters over the metal heads 
was suggested and tried to reduce blockage at about 2000 F. 


ichined from solid cylinders (2 in) 
ive a very strong and me 


h j 
icad, 


which stood up to practical use 


Both the Super Selfrac and the zircon 
ed for time periods of up to 60 minutes 


dust blo« kage occurred 


bore four-hole design of head 


independent methods: by 


2-shield) head of 


large 
three 


original know! 


i and cooling curves and from the 
mperature curve 
il head has been determined 
| 


obtained being 


origin 
the elhcrences 
Thus in a case where an 


360 I 


equivalent 
low at 


ndard head with an ef nev of 


ple would read 200 C 


| relractory 


e thick he 


40.5.8) 


Hf) 
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A — Metal head 
B - Metalhead 

(with large area’ gauze shield) no 
C — Metal head 

(with tight gauze shield ) 


~—— ae > 


min. 


Results show above, A, for the plain metal head; B, for a 
large area or loose-fit filter; C, for the tight gauze filter 


of the zircon heads ts to be expects d owing to the higher 
of this material 
lor 


thermal conductivity 

Results are also given in Fig. 11 i multi-shield ex 
truded refractory head, developed by Land Pyrometers 
Ltd., and the British Iron and Steel Research As 
tion, fitted the 


similar heads 


so0ctia 
externally to water-cooled 


to the other 


which was 


jacket in a way discussed 11 
this paper 
rhe 


may be 


second method by which the pyrometer eflicienc 
calculated utilizes heating and cooling curve 
If, when the the hot gase the flow 
through the instrument 1s stopped, radiation is the 
source of heat ind the the 


When the gas is being draw1 


pyrometer is in 
transter pyrometer h 
constant throug 
yyvrometer, both radiation and convection pre 

nvolved 
i different 
that 


} 
1 


ind the pyrometer responds more rf 


tant 7 It has beet 


related to tl 


time-con 


may be 


the ratio 


heads in Table IV 
No. 3 in Table 


Fig. 9—Sectional drawing of 
in Table, ‘b) No. 2 in Table, ‘c 








neod) 


ng with stondord re froctory 
n 


NOximuM read 


12 
Time, min. 
Small bore head 
6 holes 


2 no holes 


9 above, show the 


Fig. 10—Tests on the four heads of Fig. 
Standard 2-shield 


effect of time on observed readings: (a 


efthicrency The re lationship used is that calculated by 
Land and Barber for multi-shield systems and its appli 
cation to the ipproximate, 
though any error will be small 

Typical heating and cooling curves for the 
heads are shown in Fig. 12 and, from these, the 
constants can be calculated to be between 3 and 


modified design can only be 


modified 
ratio ol 
the time 
! Chis corresponds to an efficiency of between 90 and 
95 per cent, which is in reasonable agreement with that 
calculated by direct comparison 
Relative heating times for the original (2-shield 

and the modified heads made from Super Selfra 
zircon brick Che rate of response 


*f 


heads 
and 


ire shown in Table VI 





© Super selfrac head 
x Zircon head 


snits 


or bu te wy 








Differential temperature 





Failed 
ofter 84 min. 


a eaten Aen ati are ar atin dered 


Dy: 


tolled | 
C3, otter 64min. 
Su Bel ap — ak a 


24 36 


T 
me, min 


Large bore head 


- 
¥ 
(1) 4holes 


2) no holes 


small-bore head with (1) 6 holes (2 


refractory head, (b 
4 holes (2) no holes 


no holes, (c) large-bore head with (1 


} 


modified head is about half that of the original 


\ longer time is therefore needed for the readings 


ol the 
he id 


to become steady after conditions have been changed, 


though readings can generally be taken faster than one 


every 5 minutes 


with flow 


13 and the 


The change in the observed temperature 


rate over the zircon head is shown in Fig 


Fig. 1l—Cormparisons are made, above, between observed 

ternperature and blockage rate: (1) 2-shield head, (2) zircon 

4-hole head, (3) super-selfrac 4-hole head, (4) B.I.S.R.A.- 
Land head 


< 


Fig. 12—Typical heating and cooling curves, left, for 4-hole 
heads have arrow to show when suction was appli 
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Fig. 13—Curve plots differences between gas flow tempera- 
ture and observed reading with a zircon 4-hole head 


be estimated from this 

by L ind Barber \ 
btained at a temperature of 
100 Ib 


thermocouple at these cor 


using a 
value of 
1650 F 


ind 
ww rate of per hr 
ditions was 
‘ 
he agreement between these various 
and an efficiency for 


1IS30 F (1000 C 


ney is reasonable 
ibout 92 per cent at 
ompared with a figure of 94 per cent 
frac head Phe both 


the order of SS per cent at 2550 |] 


efhciencies of 


ibly to 75 per cent at 2750 F (1500 ¢ 


re rave n the P 


erses were carried out in the boiler 


irked in Fig. 6 and the types of head 
lable VII 
contours 1s 
ver, be noted that 


to this ele‘ 


are shown in 


positions 


picture of the 


us 
temperature 
It should, howe 
ition 


peratures have | 
fractory head t 


ture range SOU 000 
the modified head to be as 
of the 


metal head has been 


n the tur 
interesting 


the wall 
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Fig. 14—Contrast shows between optical pyrometer and suc- 
tion pyrometer on traverse for furnace temperatures 


to 9 ft the wall It 1 
suggested that the flame is almost entirely localized at 


perature rising rapidly 7 from 
furnace, owing to 
\s the flame 
rises, it tends to spread out, the maximum temperature 
being only some 4 ft from the wall at the superheaters 
It would be this fully, « 

pecially to see whether there is any dip in temperature in 


this level in a core in the center of the 


the vortex effect induced by the burners 


interesting to examine more 
the center of the core 

that 
the heads occurred at temperatures of 2000 F 
300 F 
ture Chere 
oratory-determined ash-fusion temperaturs 


It is also interesting to note severe sintering o1 


1100 ¢ 


SOTTIE 170 C) or so below the 


ish-fusion tempera 


has been some criticism of the value ot lab 


in practice 


and, where thes¢ temperatures are required t 


curacy, a determination im siti sing a suction 
eter or apparatus adapted 


tion 


l raverse 


Furnace 


l emperature 


The 


furnace 


results of te 
and at the 


mperature traverses 


secondary furnace exit 


2, respectively, in Fig. 7) are 
both these 


water supply being 


shown in Fig. 14 
limited by the 


to cool 


cooling 
fully 


have 


ing at points was 


insuflicient the probe 


Temperatures measured with an optical pyrometet 


ilso been included in Fig. 14 \ comparison of the 


temperatures with those measured by the suction py 


rometer shows that the optical-pyrometer is reading 
LIO F (60 ¢ 


over the 


lower than the m 


limited 


least iximum temper 
range travetr 


sO) | 


recorded 
ice exit and about 


Phi 


ondary fur 


primary furnace influence 
to the wall 


I ore 1 


cC1ny 
the opaque rie 
ten pe rature 


molten 





shield surfaces so affecting their efficiency by an unknown 
amount. While the thick zircon heads can be used at 
these conditions it did not appear that their advantages 
outweighed the low accuracy; the increased heat flow by 
radiation overriding the effect of conductivity changes in 
the refractory. 

The problems met with at these temperatures are very 
similar to those concerned with the waste gases from 
open-hearth furnaces, and methods devised in this latter 
case should be applicable to the slag-tap and wet-bottom 
pulverized-fuel Other methods than 
based on the suction pyrometer are probably most prom 


furnaces those 
ising; for example, direct measurements of total heat, 
“pneumatic pyrometry, etc 

lines is proceeding at B.C.U.R.A 


Some work along these 


Conclusion 


While the use of the suction pyrometer in pulverized 
fuel flames and similar gases with a high dust concentra 
tion is appreciably more difficult than with clean gases, 
an instrument of suitable design can be used successfully 
No serious trouble ts likely to be experienced at tempera- 
1850 F (1000 C), since the dust mostly 
but as temperatures are 


tures below about 
passes through the instrument 
reached at which the dust starts to become sticky, bulky 
deposits form both on and in the heads 
It is recommended that in the temperature band where 
, 1850 to 2750 F (1000 to 1500 C 
rhis 


is robust, easy to clean and can be used for periods of the 


these deposits form, 1.e 
the design of head illustrated in Fig. 9-c be used 


the efficiency starts to change 
owing to the presence of the deposit rhe 
of this design of head, made either from Super Selfrac or 


order of an hour before 


ethcrency 


from zircon, has been estimated by various methods 
The efficiency of the zircon head at 1850 F (1000 C) is 
about 92 per cent, falling to about 85 per cent at 2550 
F (1400 C This means that, on a typical boiler where 
the recorded temperature without suction (i.e., the read- 
ing given by an equivalent sheathed thermocouple) is 
probably 300 F (167 C) low, the zircon head will read 24 
F (13 C) low at 1850 F (1000 C), falling to about 45 F 
25 C) low at 2550 F (1400 C 

Sampling at temperatures above 2750 F (1500 C 
when the ash is molten is only of limited interest in 
pulverized-fuel flames. At these temperatures it is 
probably best to use orthodox multi-shield heads, re- 
placing the head after each spot reading. Methods 
other than suction pyrometry may be more convenient 
at these conditions 
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Lack of Patent Examiners Called Serious Problem 


American industry is facing long delays in obtaining 
patent coverage 
for the market, according to reports made at a 
meeting of The New York Patent Law 
tion by the Commissioner of Patents 


These delays stem from the great increase in the num 


for products and processes otherwise 
ready 


recent \ssocia 


ber of patent applications filed during the past few years 
rhis flood of inventions has stretched the average pros 
ecution time per patent to three and a half years 

rhe association pomts out that the Patent Examiner 
thus holds a key position in the advancement of Ameri 
can technology and that the to reduce 
delays and clear the way for marketing the new products 


only way these 
and processes is to employ new Patent Examiners to pass 
upon the backlog of applications which is piling up in 
almost ¢ technical field 

Steps have already been taken in this direction and 
100 Patent 
examining staff since last June. It is 


very 


approximately Examiners have been 
added to the 
understood that the Patent Office wants 300 new Patent 
Examiners in 125 in the first quarter, 25 in the 


second quarter, and 75 in each of the last two quarters 


new 


LYd6: 


Phere are immediate openings for engineers and scientists 
who can accept appointments in Washington now 
Patent Examiners pass upon applications for patents 
in a wide range of technical fields to determine whether 
they are novel and whether invention is involved. This 


42 


calls for a study of the issued patents and the related 
scientific literature rhe out that 
the technical graduates who apply will find the job both 
interesting and stimulating and one which keeps them in 
close touch with the latest technical developments The 


within 


Association points 


job offers opportunities for rapid advancement 
the Patent Office Washington offers 
opportunities to carry on graduate studies 

at $4,545 


possible to reach a salary of $7,570 in five 


also unusual 
i year, and it is 
hali 
The 


Patent Office also offers liberal vacations and sick leave 


Salaries for Examiners start 
ind one 


years, with salaries in excess of $13,000 available 


ind pension benefits 
a colle ye degree in 


with 


Engineers and scientists holding 
engineering or applied science, or a degree i major 
in chemistry or physics, or with certain combined credits 
in these fields, are eligible for Patent 
Examiners, without examination, upon application to 
the Commissioner of Patents in Washington, D. C 

While Congress has appropriated additional funds for 

Patent Examiners the existing 
and scientists in industry 
impossible to obtain enough candidates having the neces 
sary technical qualifications. Because this is becoming 
a matter of national concern several of the patent law 
associations have agreed to supplement the work of the 
Patent Office in recruiting new Examuners 


ippointment as 


these new demand for 


engineers makes it almost 
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Diversified Program at 
AIEE Winter General Meeting 


ITH more than 5000 engineers registered during 
the week of January 30-February 3, the Ameri 
ean Ir Electrical Engineers held 
and most successful Winter General Meeting 
Hotel New York City. More than 
technical papers and reports presented 
fields of cx 


power, engine 


n 111 


stitute of its 
at 
500 
the 


mmunications, general applications, 


large st 


the Statler in 


were in 
broad 
ring science and electronics 

norating the 250th anniversary of the birth 
Benjamin Franklin, Morris D. Hooven, president of 
AIE]I mits l 


isted 
with that at 


ol 
the 


ing 


today's art of electrical engineer 
of Franklin. Mr. Hooven, 
executive of Public Service Elec 
then painted a picture of the home that 
Made 
it pumps, weather conditioning, 


the time 
who is an 
& ly is 


will be pt 


neering 
tri 
within the next few vears up of 


skill 


trigeration and co ling devices, labor 


solar batter he 


ful illumination, re 


and 


Saving itl hor 


ig e-doing 


ducing gadgets, the home still needs an operator, and 
Mr. Ho 


mav be the 


equipment, comfort-pro 
gested that automated electronic devices 
ns of relieving the family of much of their 
tensio1 

The lress at the meeting was delivered by 
Roger M. Blough, chairman of the Board of United 
Mr. Blough expressed the belief that 
ige ol ind the 
primarily to the unprecedented 
rather than the 
nees in technology, though he 
the 


us¢ 


K¢ I tf 


States Steel ¢ 


engineers scientists 1n 


due 
my threats imposed 
warned 
{ Sx advances 


technological 


underestimate viet 
the ol 
the checkrein of political restraint 
Phe 
n of the technical manpower problem 
ol 


icting 


harm from 


ind 
rds United States is now mov 
\merican process 


ind 


nahi 
ré sponsi it 
ir own thinking in a con 


three ways throug! 
the 
etter utiliza 
ol 


routine 


in 1 operation 


ind demand to inere financial 


iM 


) } 


g careers, through 


industry by increased ele 


us 


nd engineering aids to 


Trlinlimiz¢ 
work perfo ind (3 
t 


basis of tl 


engineers, through appealing 


your 


join the engineering profession on the 


sen 


such 
point was elaborated upon in the con 


prestige and se ol service 1n 


careers 
cluding pl Mr iddress, se 


fro1 
CoMBUSTI 


Blough’s inspiring 
February 
Now 


tions were quoted on page 355 ol 


editorial W hers 


power’: 


entitled in 
Engineering 
ATE! 
vice president of Consolidated Edison 


In Mr. F 


for unity of the engineering profession, 


Honorary membership in the was awarded to 
James F. Fairman, 
w York 


accepting this honor ur 


not be wasted debating objectives or the 
but that efforts be devoted to getting 
iv-to-day He the 
grass roots in order 


it the 


problems stressed 
g harder at the 


for 


desirability of workin 
to lay i | 


level 


undation unity national 
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+} 


unable 


cr 


The Edison Medal was pre sented to L. A. Umansky ol 
the General Electric Co. for his outstanding contribution 
to the electrification of industry through the application 
of electrical machines, devices and systems to automatic 
process machinery, and for his inspiration, leadership 
ind teaching of men in this work 

Mervin S. Coover, head of the Electrical Engineering 
Department of lowa State University, Ames, Iowa 
| for the ATE] 


was 


nominate 1956-57 presidency of the 


Attracting Young Engineers 
I he 


devises means of 


electrical utility industry was warned that unless 


it ittracting graduating student en 
it it 


a iob 


x1 


neers to the industry soon will find that is 


power 


getting only the ‘‘dregs men who couldn't locate 
elsewhere 

rhe warning was sounded by Prof. J. S. Johnson, hea 
of the School of Electrical Engineering, Purdu 


sity, who stated that the 


d 
Univer 
utilities lagging far 


electric are 


services of enough good engi- 
college 


ind large, | 


behind in attracting the 
rhey 
and a few of them are good men 
the best 
are 
there 


recent graduates 
By 


men 


neers are getting some 


moweve,;:r, 


they have by 


Many of 


not 
the utilities 
the ec 
the 
It's 
short of a 


gotten any means 


this 
personnel who 


concerned about How 
utility 


the 


ever, over muntry are 


the 


It 


ind hiding heads in 


It 


recession 


are emulating ostrich 


sand just a cvcle will chang 


Saving, 


will not change major unl 
take 
At the 


i small n 


ire n to do something about it 


present time, except for foreign studet 


unority of graduating electrical e1 
Johnson 
the 


and he 


interested in Professor 
utility 


but in prosa 


power 


electri is not presenting industry 
blac k and white, 
the 


upgrading of wages for utility 


sugges 


ther things, glamorizing power industry so 


ittract students 
neers; more challenging problems for the 


young enginect! 


hiring of electrical engineering professors as utility con 
with utility 
by 


1ust 


sultants so they can become more familiar 


utilities 


pro 
}7! 


inauguration of research project 


ung periods for entering 
utility field 
The whole i 


timulation of 


young engineers 


the 


Granted 


turns on one however! 


the | 


suc poimt, 
field 


who 


students in wowe;r 
inter 


but 


there will alwavs be a few men ure 


good 
the 
ire not going to be nearly enough to man the ele« 
Many ; have not 
numbers possibly, but not necessarily 
they they 


national shortage of engineers 


ested 


those 
tric utility of the 
felt this 
quality. Or 
» the 


in or enthusiastic about power utility, 


future companie vet 


pinch 


il have, may have attributed it 


te But it is obvious 


at first 


to anvone 


hand 


who has been in a position to observe 


the swing in student interest away from 


power, 


that the shortage of engineers is not the sole or primary 


ius¢ 
Phe p the 


possibility 


is one of most vital parts of 
The of its 
perform its function adequately in ye 


lacku 


wer industry 
being 


to 


uur industrial America 


to ars 


tre 


ig the best personnel available and the most 
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possible, is a matter for 


highly developed equipment | 


deep concern 


According to J. D. Ryder, Dean of 
Michigan State Uni 
that ma 


Engineering at 
utilities have recently failed 
market must cultivate 
the customers and keep one’s name before them. They 
the college When as 
is ten companies are interviewing students on a 
that a 


He picks the companies whose names ind products ar¢ 


ersity, 


to realize buver's one 


are not doing this on campuses 
many 
given day it is obvious student cannot see all 
known to 
fluence at 


him or to his professors who have much in 
this 
the campus regularly, year after year, at 
ind at that their 


regularly, so that the faculty are aware of the companies 


point. Enlightened companies call on 
interviewing 
time other times, so names appear 
ind can wholeheartedly commend 
Utilities 


» to the well only when the pitcher ts 


products and policies 
the students to spe nding time in an imterview 
too often tend to ¢ 

empty 


Professor Rvder recommended that utilities, in order 
to get the better grade graduate, take a look at their pay 
i ike 


imstitute 


scale, their work more ind creative 


of fundamental 


interesting 
research programs. Until such programs 
day-to-day op 
the utilities it 


trend of 


work, divorced from 


eration and 


planning, are undertaken 1n 
i reversal in the 
the 


shift which has already taken place with respect to an 


Seems unreason ible 


the 


to expect 


young engineer away [trom electric utilities, a 


other utility, the railroads 


Graduates are being oriented more and more toward 


when all 
} 


the engineering of the future, toward the day 


highly traine 
the 


ipparent that 


engineering will be creative, and less 


people or the cor will take over routine 


With the 


unless at 


puter 


young engineer so directed, it 1s 


industry can offer creative opportunity it must 


satisfied with onlv repetitive edpocrits 


roing, the electric utility busi 


a 


ness offers 


ext ellent oppor 


gTa luate py 
to Murray Joslin, vice-president 
Co., Chicago To the 


t to graduate from an engineering school, he 


young engineers 
tunities cc’ 


the Con 


ding 


nwealth Edison young 
mat ibou 


uided 


firmly 


these are points about our con in which I 


believe wr the er 


pany 
gineer who wishes to make 


careet strictly engineering work, the electrical utilit 


busine new tech pro ms each year, offers 


engineering ma 
opportunities, and 


! number and 


» engineers woth the 


the i ng f opportunities result in making this 


} 


wd place in which to seek 


electri 
careet 
MOTT 
irrange t 
with fewer 
Such i! 
It should 
improve! 
we do e1 
His ex 
engineers streal 
and its procedures 


fat 


gineering repetitive 
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graduate technical aides, and by the use of computers 


and similar devices 


Batteries and Fuel Cells 


Nuclear Batteries,’ William Shorr 
of Signal Corps Engineering Laboratories, Fort Mon 
mouth, N. J., stated that it is not that the 


widely chemical battery will seriously 


In a paper entitled 


believed 
used ever be 


nuclear battery The minute amount 


of the order of microwatts presently av iilable 


( iallengec by the 
of power 
from the nuclear battery) will limit its application to 
the characteristics of the 
nuclear device would be used to most advantage. With 
the further development, however, of effective 
which would the 


and greater improvement 


those areas where intrinsic 
more 
radiation shielding materials enable 
* ol greater source activity 
in the 
trical energy, it may be possible to broaden the 
utput rhe 


teristics of special significance in the nuclear battery are 


conversation efficiency of radiation energy to ele 
power 


range by a magnitude or more charac 


\ source of continual voltage and current in 
compact and portable size 
Very long life, generally considered equivalent t 
the half-life of the radioisotope employed 
Operation inherently insensitive to extreme tem 
conditions, pressure variations or strong elec 
fields 
The concept ol the 
early is 1913 H J G 


charger with which he 


perature 
tric or magnet 
nuclear battery 1s not 
Moseley 


ichieved voltages of over 


new; as 
nuclear 
150 kv 


The significance ot the nuclear battery, as a practi il 


described a 


device, had to await the developme nt of the nuclear re 
ctor and the subsequent availability of large quantities 


ot fission produc ts and pile-activated radioactive 1s topes 


it relativelv low cost 


[he source of energy in the nuclear battery is the 


idioactive 1sotope the isotope undergoes spon 


neous disintegration, the strength of the source 1s re 


lt change | harac 


wccordingly ; the rate of 
Thus the 
clear battery is limited only by the half-life of the isotope 
ind the The half ves 


of the k1 fractions of a nd to 
ibout 10'* vears 


iced eng « 


teristic of the 1sotope useful life of the nu 


spec ified elec tric power 


output 


wi topes \ ’ on 


Frederich Kornfell of the 
Laboratory, Fort Monmouth, N 
entitled Fuel Cells 
olve the 


Signal Corps Engineering 


presented a papet 
Since most primary cells used in 
iterial and 


practice in\ use of meta node m 


since a considerable an s required to pro 
luce that metal in the first pla 1e net efficiency of the 
production of electricity from a prim galvanic syste 


It is cell 


in which the 


desirable, theretore, lave i irii 
material serv 

stances used as fuels, 1 
nly small losses of 
material 1 
oxygen 


bination of carbon 


mospheri 

essentially 

bustion of fuels 

process should be 
+1 


produced Dd‘ 


March 1996—C OMBUSTION 








hermal combustion and a heat en 


vpe are ¢ alled fuel cells 
principle for all types of fuel cells 1s t 
he fuel in an ionized condition so that 
e is produced and an electric current 
it the idea still 
ost likely due to the limited scale on 
funda 


iwaits practical ful 


nts were made, to a lack of 
of the 


reaction 


kinetics of the cell reactions, 


which can be summarized 


in several st iges, One 


t be reversible in the strict thermodyna1 


us fuel cells reported in the literature n 


hly into two classes: direct fuel cells, 1 


us material forms the attackable ele 


} 


fuel cells, in which gaseous fuels such 


ide and hydrogen are used to saturate 
Ol cells have bee! 
etal 

] 


fuel, but the conversion of the fuel 


Other types 
an electrode of a n which has 
is also indirect and consider 
if the ele 


ilso make the process 


energy 
result from the preparation « 


il operations 


blem concerning the low temperature 


w rate of the electrode reaction 


rate of reaction had to be overcome 


ind has been solvec 


Actually, 


pressure catalysis 


time, also be solved here 


t density by a factor of 5t 


1el cells would be sufficient 


umrret 
AiCi 


Electricity 
who 


il Cells 
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lustrated by a simple system based on the ferrous-terru 


equilibrium Iwo inert electrodes (e.g. platinum or 


ire immersed respectively in solutions contain 
ing ferrous and 


chloride or sulfate The 


carbon 


ferric ions and a common amon (e.¢ 


two solutions are prevented 
i di iphr igi 


to the 


from diffusing into each other by means ol 
permeable to hydrogen and hydroxyl tons but not 
Initially 

> 


il difference of about 0.25 \ 


ferrous or ferric tons such a system would 


betweet 
elec 


ould 


provide a potenti 


the electrodes, which would decay to zero if the 


trodes were externally connected so that electrons ¢« 
to the other \t 
lerrous to terri 


flow from one electrode zero potenti l 
difference, the 
solutions would be equal 


through a 


ration ot ions in the two 
he fet 


But by circulating t 


rous solution regenerating apparatus, any 
ions produced owing to loss of electrons to the ele 


reduced back to the 


ferric 


trode could be ferrous state by re 


iction with the fuel 


Similarly, ferrous ions could be oxidized back to the 


ferric state by reaction with atmospheric oxygen in the 


presence of suitable catalysts By these regeneration 


which can be carried out independently under 


processes, 


st suitable conditions, the initial concentration 


rrous and ions could be maintained 


cell, while the 


lerrn In) Spite 


of current being drawn from the overall 


reaction would be 
CO 
cell 


spheru 


Hvydroget only type of direct 


that 


cells re present the 


has been success operated at atm 


temperatures 1 he system consists merely, 


of a hvdrogen electrode immersed in 


suitable aqueous electrolyte lo attain reasonable cur 


without polarization at low temperature 
hly ce 


generally « 


rent densities 


necessary to use iaterials with hig veloped 


urfaces fe he gas electrode lit 1s 


it 1S 


] 


onsi 


ered uctive iterials would be easily cor 


the presence of impurities in either the 


suppl Further t invest: 
ust ilkahi electr 


rece! 
ly te which 


pectively, with carbor 
hese g f possible 
while 

ppreciable con 


that « 


in Lqueous potassium 
sure ol 


Baco 


LO) SO0 Ib per Sq 1 


of Fuel 


nid kel electrode 








and the increase in temperature in conjunction with the 


large effective electrode area, result in low activation 
polarization, so that current densities as high as 1000 
Some initial diffi 


culties due to deterioration of the oxygen electrode now 


amp per sq ft have been attained 


appear to have been overcome and cells have been op 
erated on load for several weeks at temperatures and cur 
rent densities somewhat below the figures mentioned 

rhe third type of cell operates at high temperatures, 
the object being to accelerate the desired reaction and to 
barriers. In 


reduce activation practice, it is 


possible to operate many varieties of cell in the 500-600 C 


energy 


range, but difficulties arise, chiefly associated with the 
electrolyte. owing to the tendency of fused salts to at 
tack the electrodes 
side reactions to occur 


ind constructional materials and for 
It has been claimed that many 
of these disadvantages can be overcome by using so 
called 
the solid electrolyte is that it would facilitate series con 
nection of cells 


cepted that these solid electrolytes are not true solids, 


solid electrolytes. An important advantage of 


It now appears to be generally a 
under operating conditions lo be of any value as an 
electrolyte, conduction must be by means of ions and al 
though many ionic solids show appreciable conductivity 
at temperatures considerably below their melting point, 
this is generally owing to the mobility of electrons, due 
to a rather than of 
All these electrolytes might be termed mixed phase elec 
Ideally, it pure 

as the fused electrolyte, but owing to the 


semi-conductor mechanism, ions 


trolytes would be desirable to use a 


ome oxide 
difficulty of finding such a substance with a low melting 
point, recent investigators have used carbonates instead 
of oxides. The electrodes employed in conjunction with 


these electrolytes are usually metal oxides, such as iron 


ind copper oxides; silver and nickel have also been used. 


Solar Energy 


Solar Energy, A Supplemental Energy Source’ was 
the subject of a paper by Henry B. Sargent, president, 
Power Co. It is quite certain 


will have found ways to utilize 


American and Foreign 
that in fifty 
atomic energy economically and practically im 
cities or even in But 
there will still be many areas of low energy demand den 
techno-economic 
Today 


years we 
large 
then 


medium-sized cities even 


solar can have a 
advantage. House heating is a good example 


we heat houses with coal, with oil, with gas, or even with 


sity where energy 


electricity Even if atomic energy becomes competitive 
with that from conventional sources, it is probable that 
solar energy will become the fuel for space heating, once 
coal, gas, or petroleum costs have skyrocketed. There 
is no doubt also that in rural locations, in areas where en 
ergy demand is very diffuse, it may be economically pref 
erable to exploit solar energy at the point of consump 
tion rather than support the high transmission costs 
from a central nuclear power source 
remind this audience that no matter how cheap nuclear 
fuel may make the generation of electricity it will have 
little effect on the cost of transmission and distribution 
of that electricity 

The main drawback to solar energy until now has 
been the high cost of the equipment required to use it 
and the intermittent supply of this resource. Research 


There is no need to 
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centers the world over are looking for a cheap way to 
store energy, and widespread use of solar energy will 
greatly depend on our ability to develop this storage de 
vice Once we can store energy che aply and efficiently, 
the major problem of using solar energy will have been 
solved. Then it may be possible to store heat during 
the summer for use during the winter, and perhaps it 
will even be possible to store cold during the winter to 
increase cooling comfort during the summer. 

Solar energy will best be used in the future in con 
junction with other energy resources like atomic energy. 
Solar energy will complement atomic energy in helping 
supply the world energy demand. It will be used where 
the density of energy demand is low as is appropriate to 
It is 


also doubtful that solar energy will be used to any extent 


an energy source which is diffuse but omnipresent 


in the crowded city, but it is probable that solar energy 
will find very heavy uses in suburban, rural, and isolated 
locations. It is extremely possible that the sun directly 
will satisfy as much as 30 to 40 per cent of the world’s 


energy requirements in 2050 


Steam Turbine-Generators 


Che Design and Performance of Modern Large Tur 
bine-Generators’ was the title of a paper by B. M. 
Cain and Dean Harrington of General Electric Co 
New developments in the design and manufacture of 
large turbine generators have given the designer a new 
versatility for meeting the user's needs 


concerned with the complex interworking of numerous 


rhis paper is 
technical and economic relationships which influence 


specific design choices. Conventional machines, and 
those having each of the many possible combinations of 
conductor-cooling arrangements, all have different char 
acteristics of economic and performance relationships 
Che paper shows the unique aspects of conductor cooling, 
which are brought about because machine size is limited 
primarily by economic considerations rather than by 
temperature 

The many design choices include conventional venti 
lation as well as the several varieties of conductor cooling. 
Che physical laws of each of the methods of cooling affect 
the performance characteristics of the machine \l 
though individual designs will show important differ 
ences, patterns of design trends are demonstrated for 
conventionally cooled machines as one class and for 
conductor-cooled Phe 


shows how the designs of conventional machines are 


machines as another paper 


determined primarily by temperature limitations, while 


those of conductor-cooled machines are determined 


primarily by other considerations such as the economics 
Instead of being limited by tem 
perature, the conductor-cooled design has a ventilation 


of size and efficiency 


system adjusted to provide the conductor temperature 
required. 

In a conductor-cooled design of a given specific ca 
pacity, lowest total losses are obtained by designing the 
ventilation system for maximum permissible conductor 
temperatures. Hence, conductor-cooled machines are 
designed to have the same maximum conductor total 
temperature as conventional machines 

The choice of gas pressure for conductor-cooled de 


signs depends on a balance of performance requirements, 
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fan or com 
but 


may have te 


pressor 1! 


its use may reduce 


be reduced to 


essures as high as 60 psig are used 


made for operation in air or at low 


efficiency levels at rated output are 


hort-circuit ratio has an important 


size and efficiency Higher short 


»wer efficiency, 
How 
to be gained from reduc 


currently 


irger physical size or | 


lance 


se comparable perforn 
in Size 


ratio below 


ired with reductions 


or cooling 


il designs of cor 


ls higher 


npass loss leve 


However, conductor-cooled 
ned with losses appro 


ines ol compar ible rating 
irger than designs whi 


; 


h util 


proved cooling techniques 


Purbine Ls! 
ind C. H. 


out 


Liquid Cooling 
C. E. Kilbourne 
neral Electric Co., 


sically not a new idea 
} 


\\ 


; ; ] 
eT if 1 re VN INCINgS, 


pointed 


ws that many pe 


have, over quite 


this approach 


ire associated applied liquid cooling 


ore of a turbine 1 1937 


generator 11! 


generator, a 260.000-kva. }600-rpm, 


with liquid cooled armature windings 


1955 and is to be 


placed in 


Cleveland 


tested in 
st Lake Statior the 
this ve 
practical an 
ittainable 
The liquid 
plied readily to 


early 
tool to u 
generator 
System, now 
ind types of 

! omy design 
ooling \ I! Basi illy 
ibility he liquid 
the 


oling provid vt 
establishes i thermal 

iuch higher thar 
pleted n 


ther des 


rachine Consequently, with 


il design of the armature winding i 
The 
reliable 


Ste p to 


circulating system 1s 


This 


hydrogen 


lactor 


nd very step parallel 


cooling made 


heat 


ntroduced imte 


the 
ibsorbit 4 
the 


when a more effective 
reviously used was 1 


it of liquid-cooled windit 


tor 5SOO.000-k 


matures 
nd undoubtedly | 
limitatior 


likely to be 


other 

lower thar 

day 3600-rpm generators 

s of 400.000-kva or more at | 
ictical within 

America! 


limitations of 


Such ratings are 


sion limitations t by 
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veloped and has been applied to generator 


ing 


tem has been normally 


Stress 1 critical speed established by the rotor 
length 


l 
practic il, and 


l 


eter and Even larger kva SOO-rpm gen 


erators aré the combination of two such 


generators 1 i cross-compound turbine generator unit 


possibility of generators 


4 


real 
for a 1,000,000-kva unit 
2,000,000-kva of large 
from 200,000-kva 


brings into focus a very 
feasible 
Today overt 


erators, 


HU0-rpt1 


ranging in Capacity upWw 
ind having liquid-cooled armature windings 
construction the 


lar generators in the future 


hese are forerunners of 


Operation and Maintenance of Hydrogs 
for Turbine-Generators’’ was the subject of 
S. C. Barton and W. H. M. Olson. 
used with 


These 


continuous scaveng 


lwo types 


gen systems are turbine 


generators 


General Electric Co are commonly referred 


systems 
for both 
the oil 


the vacuum and 


ing 
basic principle of operation is the sam 
tems; they 
plied to the 


naintained 


differ only in the tre 
ind the 


proper 


itment ol 
in which 


the 


seals manner 


purity values un 


ising 


The heart of the hvdrogen svstem i: 


ents leakage of hydrogen fr 
tlong the shaft 


which prev 
Casing i 


Each seal present 


pair ol segmented contained in 


The 


rings 
held together radially and i] 
two coil springs attached to the housing 
fit with uund the 

to expand radially but are fixed fro 

the 

housing at a 
the generator, flo 
the 


rings are 


close cle irances art 


Iree 
oil which is 
than the 


between 


pin which projects from housing 
the 


pressure 1n 


supplied to ressure higher 
| | 


hydroget the 


both ways along through the 


rings and then 
clearances between the ring 


the seal 


icuull \ I trs 


innular the 

thus forming 
With the 

| lied te 


ited 
This results in 
released in the 
through the small ani 
haft 
The ¢ 
supplied to th ils 1 only 
capacity ind 


are ce 


imounts ol nowsture being 
by the oil 
ince between t 

to the hydrogen 
pumping « concernes 
irances betweet 
i low total 


ind hydrogen side 


igned with the 
nd the shaft proportioned to give 


through the seal to the air 


the low air and ture content of 


the degree of contamination of 


Bec use ol 
iling oil 


r the shaft seals is very 


mo. 


the 
the hydroge: 


low Proper hydrogen 


t) 
| puri 


the generator is automatically maintained by the in 


oductior ih hydrogen to replace that lost by nor 
ive and that lost by 


rmal operating conditions 


absorption to the oil 
, the hydroger 
maintained at a value of 98 to 99 per cent 


The 


purit 
vacuum system was the first hydrogen system cde 
rated 
the sca eng 


» O00) 


ind above Since the development of 


system, which 3 ynewhat simpler, the ;cuum 


ipphied only to generator 


shaft journal diameters of 14 im. or larger (147 


above 


With the untreated oil 


Scavetiging system, 





some dissolved or entrained air is supplied 


to the seals 
Appreciable amounts of air are released by the oil that 
passes to the hydrogen side of the shaft seal into a seal 
chamber located between the seal rings and an inside oil 
deflector. The amount of impurities introduced into 
the generator with this sytem is a direct function of the 
oil flow to the hydrogen side of the seal rings. The seals 
are designed to fit with close radial clearances around 
the shaft such that a very small amount of oil flows to 
the hydrogen side of the seals while the air side flow is 
large enough to provide sufficient cooling for both rings 
and thus limit the radial expansion 

By continually scavenging a small amount of the 
from the seal chamber, such that a small flow 
is established through the oil deflector clearances, the 
Prope 


oO 


Ra 


of hydroger 


ur released from the untreated oil is removed 
hydrogen purity is maintained by the introduction o! 
fresh hydrogen into the casing to replace the scavenged 
that Phe 
scavenging rate 1s regulated so that the hydrogen purit) 


gas and lost due to normal frame leakage 


in the casing is maintained at a value between 96 and 9S 
per cent 
ipplied to 3600-rpm 


shaft journals 


his system is presently units u 
| 


ind including those with 15-in. diam 


or about 4,089-kva rating For 1S800-rpm units 


the system has been extended to include 


in. diam 


units up to 19 


shaft journals (or about 156,250 kva 


Hospital Power 


was the top ol a 
Health Service, 


ergency 


Emergency Power for Hospitals 
paper by N. L. Griffin, U. S. Publi 
Washington, D. C rhe concept of en 
for hospitals has changed considerably during the 
along with working 


Service 
past 
few vears and has progressed ind 
living habits to which people become accustomed. Vat 
the extent and method of applying emer 
been incorporated into hospital de 


to pro 


ious ideas on 
power have 


signs \ few years ago it was common practice 


emergency lighting for usé¢ 
normal 


vide only a small amount of 


during expected minor interruptions of the 
utility service loday’s planning usually provides for 
more extensive emergency lighting and also for operation 
iddition to a 


creasing use of electrically 


ol certaim equipn ent In minimum of 


emergency lighting and an in 


operated devices in the treatment of patients, there are 


other favorably considering a 
It Is « 


ysuld seriously interrupt utility service so 


isons for 


outstar iit y re 


more generous unt of power onceivable that 


enemy action 
that hospitals in the 


several days 


irea might be without normal elec 
tric Any ict of 
or major disaster is expected to be followed by 
the need r all 


service for such violence 
many 


casualties and may result in ivailabl 


hospital facilities 

lequacy of an emergency power sys 
d. For hospitals 
ind 


In regard to the a 


tem two extremes must be considere 


located in a mild climate far from industrial centers 
otherwise protected so that only the usual run of power 
the minimum 
lighting only 


other hand, if 


outages of short duration are expected, 


umount of emergency power tor specif 


might be considered adequate On the 


the hospital were located in or serving a heavily 
target area, 


indus 


trialized area and also within or serving a 
the 1 umount of 


desira ok 


AXiImum emergency power might be 


Che maximum amount of emergency power 
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would be that sufficient for functioning of all facilities of 
the hospital. Except for strategic military hospitals, 
justification for maximum emergency power would be 
extremely rare. The cost involved in providing emer- 
gency power facilities is an important consideration 

The three sources of power considered as acceptable 
for hospital emergency systems are storage batteries, 
generators, and a second utility line 

Where only one source of emergency power is to be 
provided, generators are preferable to storage batteries 
because of the capacity limitation of a storage battery 
ind the need for operation of a-c motorized equipment for 
which the batteries are not directly suitable 

In many ¢ utility leading to the 
hospital over a route remote from the first line and ener 
1 separate generating plant is acceptable as 
These lines 
i local disturbance 
the 


uses a second line 


rized from 


nm emergency source of power. may be 
iterconnected if protected against 
» that one line will not cause a failure on 


ther line 


it failure on 


For dependable service, storage batteries as well as 


generator prime movers must be regularly serviced and 
dequately maintained. Even with maintenance as 
od as may be expec ted in the average hospital, there 1s 
internal combustion engine may 


W hile 


more dependable than 


i possibility that an 
fail to start automatically 
utility lines is generally 
sutomatic starting of a generator, there is the possibility 
in extended 
interruption of lines. An 
1utomatic generating unit which has failed to start aut 
started manually within 


two 
the 


y 
g 
service from 


of disasters or storms great enough to cause 
service from both utility 
matically can usually be 
reasonably short time 

Chere should be no appreciable interruption of hght 
ing in operating and delivery rooms Satteries are Capa 
ble of supplying lighting immediately but they can sup 
ply energy for only a Generating units 
ire not so limited as to the length of time they can sup 
for 


limited time 


they require more time starting t 


Che period of time required for gener 


ply but 


| energy 


| 
i 


supply energy 


tor starting is usually only a few seconds. However 
that time might be too long if it occurred in the midst of 


i critical surgi il procedure 


Experimental Boiling Water Reactor 


Pacific Gas and Elec 


Strauss of the 


The General Electric Co. and the 
notified chairman Lewis I 
March | of their decision to build and 
itomic power plant to serve the Sai 

he plant, which will be located 
Pleasanton area of Alameda cr 
capit il 


tric Co \tom« 
Commission on 
operate a S000-kw 
Francisco Bay area 


in the Livermore yunty, 
Calit will be 
Plans call for completion of the 
cost of between $3,000,000 and $4,000,000 

rhe General Electru ind Electric Co 
plant will use a nuclear reactor of the boiling water typ« 
The experimental reactor facility will be constructed 
General Electric Co.'s 
The re is a pilot plant 


built near 


entirely by 


plant during 1957 at 


financed private 


ind Pacific Gas 


ind operated it the new atom 
laboratory near Livermore 
for the 1S80,000-kw 
G.E. for the Commonwealth E 
qiated in 


Inc As 
reactor 


ictor 
Chicago by 
which is 


to be 
lison Co., 
Nuclear Power Group, 
dual ( vel 


station 


isso 


this project with the 


part of the development of the 


marks a major advance toward 


concept, it 


economucally competitive electricity from nuclear fuel 
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It Takes More 
Than 

Fire and Water 

to Make Steam 


By GREGORY GOULD 


Secretary-Treasurer, 


Fuel Engineering Co. of N. Y. 


} 


“ aramat« 
ng full ad 


i plant 


ibout 

the tolerance lin i 

more effecti of the faciliti 

involved wa lar mid-wes 

ern whose coal-fired boiler plant wa 

lisclosed by 
fullest mi 

Significantly 


itself and the 


good efhciency 
estigation And vet the 
s not being realize 
does not advertise 
the maximum economy potential 
contradict known fact 
will, a plant with five 
ns of coal per yea! that 
ipacity of 375,000 Ib per hi In 
m load was 60,000 to 70,000 Ib per ht 
67,500 Ib per hr 
200,000 Ib per hr and was 


boilers cor 


represent d 


by two units In 
iveraged 
on their larger 150,000 Ib per hr unit 
67,500 Ib per hr boiler The 


tributing the load on two boilers summer 


existing 


winter resulted in operation at or near capacity in 
d conducive to continuously 


Why then 


winter time was 


vels of efficiency should 


securing the best ecor 


Prov urement 


} 


coal procurement showed that 


competitive market prices for 


Samples were taken, and tes 


of several coals currently in use 


he basis of i weighte 1 average o 


nd their 


delivered costs these 


erage energy cost of 26.5 cet 
estigatiol 


\ ii] ible 


tume of our in 
the coals 


imong 
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Few plant managers would be so bold as 
to declare that their power plants are above 
the need for close scrutiny of their fuel 
procurement and utilization activities, be- 
cause these activities contribute so sig- 
nificantly to the economy and facility of 
operation. The specialized knowledge re- 
quired and the inherent difficulty of avoid- 
ing any influence from divergent operating 
and purchasing interests places a pre- 
mium on the objective approach of the in- 
dependent consultant. In its nearly fifty- 
years accumulated service, the author's 
company has developed a variety of solu- 
tions to problems encountered in these 
aspects of steam generation. He has se- 
lected several actual cases to illustrate the 
scope and complexity of common situa- 
tions which arise. You may find that 
similar possibilities exist in your plant. 


client would deliver for an average « 
Btu 


and 


This difference is equiy 


that 


million 


per ton indicated saving 


$20,000 were possible 
| 


AST 


ble t 


An analysis of furnace conditions und 
revealed that the ish 


better 


soltening t iture 


Hiper 
characteristic of the irket value 
the chent could not be accommodated 
olatile cor 


present 


characteristics——grindability 


fur percentage were found to probl 


restriction in regard to eflicient trouble-free opera 
Che pulverizing mills in the plant could handle ¢ 
mMmniny irea 
volatile co 
temperatures of th 


ulfur 


hardest-to-grind coals: most of the 
ship into the client’s location produce high 


and normal air heater exit 


illowed the use of coals up to 3 per cent 


Factor "1 | lilifion to f-fficies 


The importance ol elhcrency on economy of operation 


ire several other factor 
When vou find that 
minimum steam cost 


In thi 


unit uy} 


denied; but there 
telling effect 
ichieves a net 
level of 
availability of 
alteration of 
AST 


coals could he 


cannot be 
which also have a 
combination which 
you establish the optimum economy 
idditional boiler 


load 


characteristic of the more fa 


CaM the 
gested the 
that the 


energy value 


distribution practice so 
orable 
Reduced 


litth 


wccommodated 
boilers might depress efficienci 
this possibility 


loads on the 
but the potential savings made i worth 
while 

\fter a 


two 


compromise 

load 
representative of the 
trials 
ling \t the 
chent found that 


new distribution plan was worked out 


new coals better eneryy 


values were brought in for week long to compare 


indicated = fin 
trials the 


amount to al 


ictual performance with 


conclusion of veral weeks 
vings would innual figure 
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of $23,000, shghtly higher than had been anticipated 
Actual records kept in the intervening months since 
our investigations have further demonstrated that the 
estimated savings will be very close to reality 


> - 
ne Fue Pose a Problem 


Our present-day multi-fuel economy often poses the 
question of which fuel will affect maximum economy 
for a given plant Chere are pitfalls in this -problem 
which can trap the unwary 

\ plant consuming about 45,000 tons of coal per year 
located within thirty miles of east coast refinery opera 
tions was considering conversion of its boiler plant to 
residual fuel oil. Initial calculations had brought forth 
in estimate of annual fuel savings amounting to $60,000 
if the conversion were made 

he boiler plant consisted of five units, two 100,000 
per hr steam generators and three 80,000 lb per hr steam 
generators, all equipped with eight-retort continuous 
ish-discharge stokers The steam load was chara 
terized by ni ntaneous increase of 300,000 Ib per 
hr, from an average load of 140,000 Ib per hr to 440,000 
lb per hr, that would last for an hour and a half Sud 

swings of such magnitude are bound t 
I 1 or another Totally aside fron 
ituation, stoker firing offered a1 
use a banked coal fire supplies 
setting and water in the boiler, thus keeping 
mdition of readiness for this unusual load 
whene\ it occur 

After combustion tests and field investigations wert 
cor ipleted the original estimates began to shrink 
\verage op t fliciencies were low, one boiler a 
tually showimg only 60 per cent Observations dis 
closed that combustion controls were in need of atten 
tion Examination of coal costs divulged that the 
chent had not been obtaiming the best energy \ ilues 
umong coals available in the area even though the 
plant imposed no restrictions on selection 

Research into co ! oO sts during the postwar 


years at the client's location demonstrated how specula 


In ; é ise in st 


tive fuel oil economics could be for this plant some 
iocalities fuel oil is, and has been for some time, mort 
economical thar } neral proximity to the re 
fineries does not ju ny quick assumptions in this 
respect Unless a plat definitely located well withu 
i market area dom bv oil, the assurance It cor 
sistently achieving maximum economy can only 
by the dual-fuel plant capable of swinging fr 
fuel to the other without mechanical alteratiot 
lengthy shutdow1 

In the plant und 
to existing oper 
possible improven 
tion, were estin ‘ > UU) 
to fuel oil was demed the attrac 
manded as a result of initial cak 

Plans were thet 
better operator 
viewed continual 
were mace 


crencies 


verse 
in 


difficulties, 


Researcher seeks quality data from records of over 4000 


mines 


plant often must 
utput Irom existing 


steam demands 


consideration 
| 


ndicate in the 
m satisfactorily 
hold the 1 
oid operat 


letermine the 


will become 
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It was discovered during the investigation that 
greater advantage could be made of the available fur 
nace space Furnace dimensions would allow for an 
active grate area of 56 Sq It Che installed combustion 
equipment had an active grate area of only 33 sq ft 
Expansion of the grate area could decrease the com 
bustion rate of the anticipated loads to around 25 Ib per 


hr and allow a return to the more economical 


Sq It per 
coal 
Since this plant was a 5000-ton-a-year consumer the 
75 cents per ton increase in fuel cost would represent 
$3500 to $4000 per year his sum would represent such 
1 long payout on the investment needed to imstall larger 
stokers that it was judged prudent in this case to accept 
the compromise of higher cost coalinstead. Incidentally 
this plant had become inured to chronic maintenanes 
problems which ran their maintenance expenses up clos« 
to $5000 per year Che client reported later that adop 
of the more expensive coal had so reduced thet 
maimtenance costs that 1t completely offset the increased 


fuel bill 


Dust samples are weighed after filtration and drying 


new building it was anticipated 


, Sometimes the need for replacément and the need for 
d ould mi \ g > IM) : > 

1 would climb et ae ae : expansio!1 f the boiler plant coincide When this 
ible | k det nds « 26,000 Ib per hr ' 


\llowing 


occurs a genuine opportunity exists to plan new faci 
ties around sound engineering and economic principl 
unfettered by requirements of compatability, space 
limitations, or other compromises This opportunity 
places a nd definite responsibility upon manage 


‘ t 
characte! 


ties Thi 


facilities which offer the best promise of 


throughout their useful life at most 


ork state company successfully 
ts, phe see challenge y taking specific action the 
chent h ipproaching when additional facilits 
esired output W cn a trot ’ 3 led Their boiler plat t cons d of three 
| chang 


installed in 19 


iverage 209.000 Ib { 
boiler rating with two bouler 

0,000 Ibs per day equalling nearly 
with three boilers on the 
ree boilers contin 

in products 


deru 
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W hile 
were installed in strategx 


this work was in progress, steam flow meters 
lines to develop information 
on process steam requirements. In the past a favorable 
had made the 


and electric power an advantageous mode of operation, 


heat balance generation of process steam 
and a study of electric power needs was also undertaken 

From these data and the client’s predicted production 
und the 


began to take 


steam loads were synthesized, 
plant 
units 


demands, future 
generating capacity of the 
Three 25,000 lb per hr 


unit boilers was settled, 


steam 
indicated 
the 
to choose combustion 
ind =the 
Spreader 
idded 


that they represented comparatively low first 


shape 
Once the 


were 


size of the ne 


information was at hand 


essary 


equipment compatible with these boilers coal 


characteristic requirements developed earlier 
stokers satisfied these requirements with the 
wivantage 
cost 


The 


sign and 


which preceded the ce 
client 


with the 


careful planning stages 
construction of this plant enabled the 
to keep capital expenditures to a minimum 
that no « 


sacrificed s 


ssential to efficient economical op 


veral years subsequent 


assurance 
eration h 


operation hav hown the wisdom of the decisions made 


which momentarily is transported 


the action of wind, but which 


due to manages to come under the 


nsity, 
influence ind 

termed t { \lthough 
the 


become deposited has been 


the 


chimneys of 


permussible con 


tribution to dt fall industrial 


boiler plant ind 


trom 


publi 


processes has es« 1p d definition, 
to this matter has become 
Nore 


have re 


sensitivity im regard 
to be reckoned with 


pl wing the 


rorce 


ind more, legislation is 


burden to gard for the public in 
those 


itmosphe re 


terest upon whose discharge dusts 
ito the 
the 
the 


twenty vears, 


operations 
lo help management cope with 
this 


;company has been developing, ov 


practical problems which situation creates 


suthor er the past 


techniques that have proved reliable and 


useful for measurement and identification of stack 
ennssion as deposited in a given area 

\ chemical plant in a mid-south city became con 
cerned about what their contribution to dust fall might 
be after a number of complaints had been received 
it had litth 
natural gas as the major fuel both for homes and industry, 
high standard for air fact 
that was brought out in the subsequent study that was 
Che the 
at this particular plant dictated the use of waste prod 
fuel Although the plant had originally 


outside the had 


This city, because heavy industry, and used 


had an unusually purity, a 


undertaken econonucs of process carned on 


ucts as boiler 


been city limits, the city now grown 


around it 
waste fuel, was in the 


\ new boiler unit, also to use the 


planning stage and would probably be completed in two 
he general manager of the plant was interested 
of the 


comp ire 


years 


in a survey situation to determine how his stack 


discharge 1 with others in an industrial area 
what percentage of the material complained of originated 
plant 


to the complaints 


from his ind what atmospheric conditions con 


tributed 
utilizing wet estab 


local 


h id been 


\ plan of procedure traps 
lished 


peculiarities of the 


was 


iuiter an investigation of topography and 


stack effluent determined 


Each tr ip presented a wet suriace to falling articles at 
An inhibitor idded to control ba 
terial and fungus growths \ trap exposure 1 
terval of two weeks duration was adopted. The quant: 
ties of waste fuel burned during each trap exposure 
terval listed and data recorded 
sites were chosen for the traps, the nearest of which was 
2400 ft from the stack and the farthest 6720 ft 

At the end of each trap exposure interval the con 
tents of trap were filtered through an alundum 
cone, and after drying, the weight of insoluble matter 
rhe filtrate, meantime, 
the character and amount of the 


all times was 


fixed 


were weather Six 


ear h 
was determined was evaporated 
to dryness to determine 
soluble 
Periodi 
data, 
Che rate of dust fall was expressed as grains 
GSW 
identical with tons per sq mile per month 
I irly 
Che solid matter deposit 


is being pre lom 


material 
summarized 
trap 


which 
breakdown of 


reports were prepared 


weather wind direction, and 


contents 
numerically practically 


per sq yd per week 


the client 


ips Was recognized 


findings were quite reassuring to 


1 in the tr 


inantly miscellaneous conglomeration 


of natural dusts consisting of sand, fibers, and vegetable 


er lo a lesser extent trap contents consisted of 


material the characteristics of which were similar to 


emussion from the client's stack 
} 


has led 


( l iSSI1 


Our knowledge and experience with dust fall 


to the acceptance of a more or less arbitrary zone 


heation 
Phese 


in GSW 


wccording to the range of dust fall experienced 


zone classifications, according to the dust fall 


is follows 


Zon 
Residential 
Commercial 
Industrial 


1 


total dust fall during the two ye 


oper ition ot 
was 


irs preceding 
GSW 


Vanation 


the new boiler unit was 34 Chere 


i shght tendency toward seasonal with 


occurring in January and February 
fall definitely 
the client's stiuation far below industrial 


The 


issurance [rot 


higher dust fall rates 


However, this low dust rat established 


ireas in other 


the gre sure of re 


period his 
5 GSW 


His maximum never exceeded 


chent gamed itest me 
fact this 
to total dust fall was only 


cities 


1 the that during 


I 
contribution 


iverage 
or less than 
iO GSW 


Results obtained 


> per cent 


ifter the new boiler came on the line 
load brought the survey to its con 
ifter the 
total dust fall of 


nt's contnbution d 


ind assumed the 


clusion. Continuing for six months new unit 


it revealed an 
the cli 


was lighted off, 
15 GSW 


mounts 


iverage 


while ropped to trace 


Returning to the title of this article, it does take more 


than fire and water to make ste Economic and 


social factors, which challenge man’s very ingenuity 
1 with new responsibilities, are continually 
ling attention at every But sight should 
lost of the fact that they can the source of 
mic potential equivalent to 


ilso bett neighborhood re 


nd charge hin 
- | 


turn 
> per cent 
annual fuel bill and 


iround your plant site 
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Corrosion and Deposit Control in 
Cooling Water Systems 


This article attempts to explain the origin 
of the problems dealing with corrosion and 
deposition encountered in cooling water 
systerms and to describe some of the more 


common types of treatment. 


ic theory of tron corrosion describes 
metal into 
charged Chis 
rst half of the reaction, with the other 
plating out of hydrogen ions from the 


the inter 


the process of 


entering 
positively 


mung 


10ns 


water molecular hydrogen film at 
and cathodic, re 
ites that the cor 


stop at this point if the protective 


face half reactions are anodi 
spectively Phe theory further indi 

would 
However, a number of 


ind 
and the main body of 


were maintained 


elocity, 


difference in concentration 
between the interface 
e natural movement of ions in solution 
e the protective hydrogen film and the cor 
it a rate equal to the rate that the 

; removed 
encountered 1n 


corrosion generally 


water can best be described as to the 


ittack 


or lo« ilize d 


is observed from inspection 
ittack can generally 
the presence of dissolved oxygen 
vy buildups of corrosion product over 
rm in places of low flow or where ex 


rhe 


environment 


tubercules 
further 


sion 1S occurring 


excellent lor 


biological origin as in the case of 


The 


des somewhat of a 


cteria tubercule encrustation 


barrier against 
} 


is chlorine The 


if id 


cidal igents suc h 


yacteria secrete an which pro 
It is also possible to have a gen 
h would normally be encountered 
water having characteristics of 
ving a pH considerably lower tha 
the 


irbonate, 


which water would be sat 


which will be discussed 


Corrosion by internal or 
to the 


metals 


position 
lay be due 
nected dissimilar 


ernal electrolysis may be 


piece of 


electri 


fouling 


iuses 


reduce 


ouling or reductio 


1 of the cor 
Che 
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By CRAMER H. COOK 


Cyrus Wm. Rice & Company 


encountered in cooling waters 1s calcium carbonate, al 
though calcium sulfate and possibly magnesium silicate 
found ro fully the 
tion of these deposits, it is desirable to examine the solu 
the 


lable | 


may be more understand forma 


bilities of more common scale producing items 1n 


water, 


note, the chemi 
solubility is calcium carbonate which is present in the 


iting the bi 


As you will il compound of least 


makeup water directly and is formed by he 
in the 
rhe original carbonate concentration, plus the 


carbonate water 
mount 
from the breakdown of the bicar 


of carbonate formed 


bonate, is concentrated in the recirculated water due to 
evaporation losses of the system 

Che 
of calcium 
puted by the 


water is the log of its degree 
The pH, as 
pH it 


given water 


Langelier Index of a 


carbonate saturation com 


Langelier Index 1s the which the 
would be 


pH, 


tendencies If 


calcium carbonate present in a 


saturated If the actual pH is higher than the 


is said to have scale 


the pH of the 


the water forming 
water is lower than the calculated pH 
the The pH 
upon such factors as temperature, total dissolved 
ulkalinity 
with the exception of an increase in the total dissolved sol 


water has COTTOSIV«¢ tendenci depend 


olids, 


calcium hardness, and total In each instance 


ids an increase in any of the variables results in a decrease 


sf ile 


in the 


words the water 


\ shi 


water 1s 


in the pH, value, or in other 


forming tendency 1s increased ght decrease 
tendencies of a theoretically 
in the total dissolved 


ictually an increase 


scale-forming 
effc cted by 


but 


in increase olids value 


in dissolved solids in a tower 1 


usually accompanied by an increase of calcium hard 


ness and alkalinity, which by far outweighs the increase 


in solubility gain by the increased dissolved solids con 


centration, and the net result is an increase in scale 
forming tendency 

[he foregoing suggests the treatment for the 
that of 
soluble at the 


itment 


ce pe > | 


tion of water deposits irious 


constituents in the water temperature 


: ved. Since in 
little possibility of 
of the 


cooling water tre there 1s 
iltering materially the 
water involved, the scak 


ontrolled by 


temperature 


lormung te ndencies of a 


water must be ¢ maintaining the calcium 
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hardness, total dissolved solids, and total alkalinity at 
desirable concentrations. 

Another type of deposition or fouling which is en 
countered in cooling waters 1s caused by algae growth. 
This bacterial growth is visible in the form of slime and 
sometimes the possesses a cellulose membrane 
like higher plant life. This membrane forms a gelatinous 
film on surface of heat exchangers and collects sand and 
other debris, reducing heat transfer and retarding water 
circulation 


Same 


Treatment of Cooling Water 


In order to intelligently consider the proper treatment 
for cooling water, it is necessary to know (1) the cir 
culating rate of the tower, (2) estimated windage loss, 
tower, (4) maximum 


inalysis of the makeup 


4) temperature drop across the 
temperature encountered, and (5 
water to the tower 

For obvious reasons, it is desirable to select the best 
and most economical water supply as makeup for cooling 
water the makeup water 
quality is such that pre-treatment of the water 
rhis pre-treatment may be softening by zeolit 


purposes In some cases 
is re 
quired 
or 1on exchange, partial softening and or reduction of 
alkalinity by 
lation in the case of surface 


cases dealkalizing by anion ex 


treatment of lime and ‘or soda ash, coagu 
and river waters, degasifi 
ind im some 


hese apply generally to a poor quality of 


cation, 

changers 
makeup water; are 
and will not be taken up in detail in this paper 


usually individual problem cases 


Calcium Carbonate Controlled Film 
(Langelier Index Control) 


As was indicated previously, the calcium carbonate 
saturation pH is a method of treatment control for the 
prevention of both deposition and corrosion. The in 
dex is used as a tool or guide to deposit a thin protective 
CaCO, film on the yet permit too 
great an amount of deposition to take place. In this 
case, the pH of the water is usually maintained in the 
range of plus or minus 0.5 pH units of the calculated 


metal surface, not 


pH, value and 1s accomplished by the addition of acid or 
rhe pH adjustment therefore, 
measure of control of the final pH of the water and the 
alkalinity usually 
to control the solids concentration and 
maintain the 


caust« provides a 


concentration. It is also necessary 
total dissolved 
the desired concentration level, 
This type of 


provided the 


Same at 
or range of concentration, by blowdown 
treatment can be applied successfully 
testing and treatment control is carefully and precisely 
executed. The success of this type of treatment requires 
that the temperature variance over the tower be not too 
great. With a temperature hundred 
degrees Fahrenheit, which is not uncommon, it is pos 
sible to have a pHs variance of about | pH unit which 
is sufficient to rhis factor, 
together with the variance in actual pH, total dissolved 
solids, and calcium hardness impose continual difficulties 
with the successful application of this type of treatment 
It is, however, the treatment method that can be applied 
most economically and successfully for towers requiring 
large amounts of makeup water or for once-through 
It is of further advantage to utilize 
systems at 

Materials 


variance of a 


cause severe corrosion 


cr voling systems 
cooling 
attack 


corrosion resistant materials in 


points of most severe corrosion 
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which have been used with success in areas of high 
sensitivity for corrosion include lead and 18-8 stainless 
steel (1 Bitumastic paint, if properly applied, has 
been found to be effective in reducing corrosion on 
floating heads. 


Algae and Slime Control 


Chlorination is the most commonly used agent for the 
control of organic slimes and algae growth. The chlo 
rination may be either continuous or consist of inter 
mittent slugs. The general practice is to maintain the 
chlorine residual at 0.2 to 0.5 ppm by continuous feeding, 
or feed chlorine at higher residuals nearer 1.0 ppm or 
greater during the intermittent slug Other 
agents that are used with very good success and apply 
particularly to the smaller towers are sodium hypochlo 
rite, quaternary ammonium salts, sodium pentachlor 
phenate, phenolic compounds, and potassium perman 
ganate Copper sulfate has also been used but should 
be applied with care due to its toxicity, and the fact 
that copper sulfate can cause corrosion if the copper be 
In this case a gal 
metal 
micro 


fee ling 


comes plated out on iron surfaces 
vanic cell is set up with iron as the sacrificial 
With continual feeding of an the 
organism often builds up an immunity to the specific 


necessary in 


algaecide, 


therefore, becomes some 
cases to increase the feed rate of the 


i different algaecide for a 


ilgaecide It, 
algaecidal treat 
ment at intervals or to utilize 
period of time. This problem seems to be more acute 
in regions of year-round warm weather. In regions of 
is killed off during the 
winter, and it would appear that the strain does not have 
sufficient time to build up the immunity during its sea 
In most cases, algae control in a towet 


periodic cold weather, the algae 


sonal life span 
is a must unless the specific inhibitor employed for cor 


rosion protection also possesses a high toxicity to the 


bacteria or algae normally encountered 


Inhibitors Commonly Used for Corrosion Prevention 


explain inhibition as a 
flow 


Hackerman and Makrides (2 
result of both 
caused by electrostatic adsorption at cathodic areas and 
from anodic polarization caused by chemisorption. The 
relative contribution of the two depends on the inhibitor 
Three classes of inhibitors may thus be distinguished 
Anodic inhibitors function by polarizing anodic dissolu 


increased resistance to current 


An example is the sulfide series A second class 


Examples are amines an 


tion 
consists of mixed inhibitors 
thiols. Finally, there are cases where cathodic polariza 
tion is the most important effect. Quaternary amine 
Here, although physical ad 
sorption probably occurs over the entire surface, chem 


salts belong to this class 


sorption does not take place since there is no possibility 
of electron transfer 

Most inhibitors are efficient in 
In general, it is usually found that organic type inhib 
itors exhibit better corrosion protection in the acid range 
below pH 6.0, while inorganic inhibitors appear to work 
ibove pH 7.0. Therefore, 
be utilized in its 


i limited pH range 


best in the high pH range, 
the inhibitor selected for use should 
range of effectiveness, and the effective pH range must sat- 
isfy a slightly negative calcium carbonate pH of satura 
tion for the particular water if deposition is to be elim- 
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inated unless the inhibitor has further action such 
is suppressing the saturation index of calcium carbonate 
by sequestration or dispersion of one of the significant 
Langelier Index variables 
Chromates 

It is the generally concluded theory that iron passivity 
is achieved through the use of chromate by formation 
of a dense erent deposit of mixed ferric and chrom 


1 h I l lor the fact 


oxide on the odes This would account 

that chr te consumption occurs upon initial treat 
ment of li water system. It is the writer’s 
belief that inhibition is achieved by the formation of 


t the interface: that the metal initially 


corrodes forming magnetic tron oxide Fe;O,) which 
reacts with the chromate at the interface, and the 
chromate is reduced to the trivalent form’ and anodic 
chemisorpti kes place his theory is further sub 


stantiated by the fact that when systems are treated 


where corr has been intense and there is excessive 


corrosion product (Fe,O,) in evidence, the chromate is 


excessively umed and chromic salts may deposit 


out in the heat exchanger system and inhibition is not 
readily ach 1 The chromate in this instance is not 
available at the interface since it only came in contact 
with the corrosion product where it was reduced or in 
effect consumed and could not achieve inhibition. Acid 
cleanings of systems of this nature followed by chromate 
treatment have been found to be the successful remedy 


of this problem 


Chromate treatment is generally applied and main 


tained in the range of 300-500 ppm with the pH of the 
water controlled in the range of 7.5-8.5 [he treat 
ment h bee very satislactory tn many instances 
lreatment t in, however, be exorbitant for larg« 


juiring high makeup. In addition, there are 
ess leakage can be an important factor 
itment. If the 


such iS 


towers ré 
plants wher« 
in the successful use of chromate tre 
process leakage consists of reducing 
hydrogen sulfide gas or mercaptans, the chromate will be 
ilent form, this time in solution, and 
the chromic salts will deposit out in the heat exchangers 
As a result inhibition on the metal surfaces may not be 


complete due to lack of sufficient chromate « 


igents 


reduced to the tri 


oncentration 





it the interface as indicated in the preceding paragraph 
In fact, exceedingly low chromate concentrations have 
been found to actually accelerate corrosion rates Also, 
the nuisance value of chromate is high particularly in 
congested are where the water spray may be carried 
by the wind and cause damaging effects to clothing, and 
other materials due to yellow discoloration 
Polyphosphates 

As inhibitor polyphosph ites passivate by idsorpti 
They act as cathodic inhibitors. They will, also, by 
the threshol r sequestration effect retard scale forma 
tion by incr ing the calcium carbonate saturation 
index They have been used successfully in concentra 
tion rang ppm and as high as 50 ppm 1n pH 
r ye S.{ The | olyphosph ites’ disadvantage 
is in their property to revert from the polyphosphate 
to the phate form, in the presence of water 
the reversion process being controlled by time and ten 
perature In the orthophosphate form, they will pr« 
cipitate out with the calctum hardness in the water as 
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calcium phosphate if the solubility of calcium phosphate 
is exceeded Thus, the treatment must be controlled 
such that the solubilities of both calcium carbonate and 
calcium phosphate are not exceeded in the system at the 
rhe Pp lyphosphates are, there 


temperatures involved 
low and 


fore, best adaptable to systems of hardness 


where not too great a temperature difference over the 


tower 1s encountered 


Chromate-Polyphosphates 


rhe combined chromate phosphate treatment has bee 


number of instances In some cases wher 


was encountered in the high chromate treat 


used in a 
deposition 


300-500 ppm, polyphosphate in concentrations 


cal 
cium carbonate by increasing the Langelier Index pH 
value Also, a low phosphate chromate treatment has 
been used of approximately 20-30 ppm chromate and 
30-50 ppm polyphosphate in the pH range of 6.0, or in 
the pH range required to prevent the deposition of cal 
cium carbonate and calcium The poly 
phosphate in this case serves a dual action in the way ot 


ment ol 
of 5-15 ppm was added to prevent deposition o 


phosphate 


increasing the solubility and also as a dispe rsant to aid 


the chromate in its effect as an inhibitor at the interface 
The low inhibitor concentration effect which 
actually accelerate corrosion and the possibility of dé 
positing calcium phosphate are the disadvantages of this 
The cost of this how 
ever, is sufficiently below that of the 
treatment to make it of consideration 
in many installations, and it has been shown to be suc 


may 


type of treatment treatment, 
high chromate 


worthy and use 


cessful in corrosion inhibition providing the treatment 
control is adequately maintained 
Silicates 

Silicates have been used for corrosion control and their 


protection is thought to be afforded by a gelatinous 


film of mixed ferrous oxide and colloidal silica Phe 
literature would indicate that the exact form of silica 
that affords the protection is not known rhe silicate 
is generally fed in the concentration of 25-50 ppm 
The treatment necessitates maintaining a slightly 
negative calcium carbonate saturation pH to prevent 
the deposition of calcium carbonate It would appear 
that the silicates, or a form of silica 1s a good corrosion 


inhibitor; but difficulty is often encountered with very 
hard deposition which forces early outages of equipment 
corrosion Phe 
formed in the high 
difficult to 
gained in the 


method 


which offsets the effectiveness against 


deposits, if encountered, which are 
ire extremely hard and 
knowledge can be 
silicate, the 


ind error , 4 


temperature zones, 


remove Unless more 


itment with will 


of trial 


ind tre 
to be 


control 


continue one 


Silicates-Polyphosphates 


} 


his combination of chemicals has been used in the pH 


range of 6.5-8.0 depending upon the water Phe 
silicate again, or a form of it, is attributed for the cor 
rosion protection by film formation and the phosphate 
is primarily beneficial in controlling deposit 


Polyphosphate-Cyanide 


Combinations of sodium cyanide and polyphosphate 
have been used for corrosion protection The cyanide 
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concentration used is of the order of magnitude of 5-15 
ppm and polyphosphate in the range of 20-50 ppm. 
The most effective pH range is generally between 5.0 
rhe treatment imparts a bluish color to the 
metal surface. The treatment has been found to be 
satisfactory, but imparts a waste disposal problem 


and 6.5. 


Chromate-Phosphate-Zinc 


Zinc the 10.0 ppm 
have been used in combination with chromate and phos 
phate for corrosion inhibition. Zinc is used in the solu 
ble and coating ranges. The material forms a very dense 
coating on equipment and heat exchange surfaces. The 
failure of the method would apparently 
lie in controlling the dense heavy film which is laid down 
during treatment [he treatment control, therefore, 
must be exceedingly precise and not too great tem 
perature changes can be tolerated without difficulties 


concentrations in range of O0.S 


success or 


Other 


inhibitors have been used in 
Among them are the gluco 
sates and their salts, quaternary ammonium salts, rosin 
D acetate, 
previously, the organic inhibitors generally show better 
corrosion protection in the lower pH band. This greatly 
increases the required treatment to most systems in re 
quiring additions of acid for lowering the pH. Also 


the organic inhibitors generally are quite expensive 


A number of 
cooling water treatment 


organ 


amine and many others. As was indicated 


Treatment Calculations 


In order to estimate the required treatment of a cooling 
tower, it is necessary to know the makeup. The makeup 
of a tower is the sum of the water lost from the tower 
by evaporation, windage, and blowdown 
tion losses of a tower can be estimated by assuming that 
for each 10°F. difference in the water passing through 
the tower, the makeup is approximately | per cent of 
the water windage 
mechanical draft tower is approximately 0.2 
» to 1 per cent, and for spray 
) per cent on the basis of the circulating rate 


Phe evapora 


circulated. Typical losses for a 
per cent, 
for atmospheric towers 
ponds 2 

For equilibrium conditions, the solids entering the 
cooling water system must equal the solids leaving 
rhe following formula is useful in calculating the num 


ber of concentrations taking place in a cooling water 


evaporation 
windage { 
blowdown { 
solids in makeup 

solids in recirculating stream 
number of concentrations 


Sum of which = Makeup 


Since ‘‘solids in’’ must equal ‘‘solids out”’ 


E+ WB) S, = (W+8B)S 
Also, number of concentrations 
Ss 
. a 


rherefore, 


rhe concentration obtainable would, of 


course, be with zero blowdown, in which case 
E+ W 
W 


maximum 


C max. = 


From the makeup water, it is necessary to determine 
the maximum allowable number of concentrations which 
can be permitted to take place in a tower. The number 
of allowable concentrations can then be substituted in 
the formula below to determine the required blow down 
of the tower. 


B 


In initially treating a tower, the volume of water in 
the tower can be estimated as that equal to 40 times the 
total possible circulating rate of the water 
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It’s going on 


Foreign solids accumulate in boilers continuously. If 


would hold the within suitable 


limits it follows that removal must also be continuous 


you concentration 
You cannot expect to maintain efficient trouble-free 
steaming by blowing now and then; but too often you 


can expect to upset tie load balance and waste a lot of 


all the time! 


heat units as well as money down the drain 


blow 


Why not 


learn about the modern way to boilers, save 


trouble, save money and avoid stress upon equipment; 
write for catalog on “Correct Blow-Off™ to The Madden 


Corp., 1543 W. Morse Ave., Chicago 26, Illinois 
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The Importance of Fuel Research. 


By EUGENE AYRES, Consultant 


Gulf Research & Development Co. 


A complete break with conventional fuel 

technology that will spark a capital inven- 

tion in energy release and conversion is held 

by the author to be vital to our develop- 
ment. 


ago I asked a brilliant en 
would define research. He 
that 


was responsible for many new things 


iny years 
w he said 

technical investigation 
out nis mat 


never pays 


that paid 
his OoOwntl W iS re search 
rhis w in the 1920's 


i} W 


h indsomely, but he refused to design ite 


As the years have passed, 
f research has undergone a radical change 
erai attitude toward the word is almost one 


the definit: 
Today the get 


of veneratior Research has become synonymous with 


No one 


you 


progress progress with profit any longer 


questions the importance of research——so may well 
ask Why talk 
But we are concerned here not with the impressions 


benefit by progress, but rather with the 


about it? 


t those who 


specific viewpoints of those responsible for progress 


For research means many different things to many dif 
ferent techn 
who explore exotic scientific ideas that may eventually 
There are 


logists. There are so-called pure scientists 


lay secure foundations for future inventions 


so-called practical engineers who apply experience and 


ingenuity to development. Both are important. Some 
not consciously related to profit, 
while 


rhe attempt to discover 


research projects are 


some others have a con 


ire highly speculative, 
ent flavor 
1 useful may or may not be successful, 


Sservative 
somethiu 
but the improvement or ‘“‘perfection’’ of something 
ilready conceived can be depended upon to yield rich 
why modern organized re 


returns his 1s, of course, 


search lay ular stress on development, but a good 
ilways leavened with some 


The 


runs about 


program p lio is promis 


ing speculati projects ratio of investment to 


speculative research usually four to one in 
modern w 
[he St 


mediat haracter, ill 


ged departments 
nt conceptions of research. with those of 
their 


what 


own obvious 
I plan to talk 


that 1s 


have 
but 


inter 
importance economy 
res¢ irch one being 


rhis 


lamental but 1s not ac 


is another nd of 


largely mav be 


It 1s not 


today subdivision 
idem 
consciously by universities, by govern 


ur great industrial research laboratories 


ted by technical learning, by specializa 


netent 


management, or by effective or 
not appear to be 
part of American tradition 


Sometimes the 


urthermore, it does 
r terist 
what it 


is not outcome 


research is evolution of 


etimes it is development of an idea 


some 


important 


iracterized by its profound effect o1 


iy, therefore, be conveniently de 
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fined as captial invention, as distinguished from 


plemental invention, or minor basic improvement in an 
art. Capital inventions come along infrequently, partly 


because we technologists find it difficult to get out of the 


sup 


grooves of our own making, and partly because capital 
inventions have seldom been financially rewarding to the 
inventor 

Harry 


Perhaps the motor car development of Brit 


ain's seventy-two is the 
that 
made by the 
conformist, or by the socially maladjusted individual 


But they have been the cornerstones of material progress 


Ferguson at 
the rule 
poorly educated, bv the 


exception 


proves Capital inventions are often 


technical non 


Che development of the art of converting heat to powe1 
half Most of 
you are familiar with charts showing improved efficiency 


began about two and a centuries ago 
of conversion in terms, for example, of pounds of coal 
required per unit of power (expressed in terms of kwh 
how the 
during the 18th century, how the Watt engine brought 
the the 
remained almost stationary for 
turbine 
how the 


improved 


Newcomen engine was gradually improved 


about a sharp improvement toward end of 
century, how efficiency 
than a 
about 
the 
20th 


only 


more century —until Parson's steam 


another and 
turbine 
during century 
fifty three 
been made in this art 
in the electrical art 

gradually 


sharp jump 
has been gradually 
hundred 


brought 
efficiency of 
the 
years 


During two and 


really capital inventions have 
excluding the capital inventions 


Each 


almost to 


engine in turn has been 


improved a practical limit, but 


substantial changes have come only when these limits 


have been pushed back by new physical concepts 


almost reached the practical limit of 
the 


young 


loday we have 


turbine efhiciency (not far from theoretical limit), 


The 


ventor to conceive ot 


time is at hand for some imaginative in 


i way to get in the form of electri 
power much more than a third of the energy represented 
by heat of combustion fuel or of nuclear reactions 
In Latin 
Im the 
that this will not happen. There 
that bulk 


Even hydropower has its origin im the 


\merica the proportion is less than one-sixth 
light of technological history it ts meconceivable 
is no theoretical com 
pulsion in the idea power can be produced 
only from heat 
heat of the 

Most 
have 


sun 
ind munor and heat developments 


than 


mayor power! 


been concerned with machines rather with 


wavs to obtain maximum heat from combustion, but 1t 1s 


idle to attempt to distinguish between the two kinds of 


research Fuels are useful as fuels only when they can 


be adapted to equipment for generation of heat or power, 


just as food must always be associated with an appro 


priate consuming organism. When equipment is modi 
fied, fuels must often be modified also to secure optimum 


Phe 


equipment in which it 1s used must be considered together 


results Che converse is equally true fuel and the 





A press account of the discovery of the antiproton 
ended with a reference to the evidence that the collis‘on 
of an antiproton with a proton would lead to conversion 
pure electric power This was, 
a journalist. Electric 
narrowly 
Any device for 


of the two Pp irticles to 
the poetic 
know it 


ol course, license of 


power, as we today, involves spe 
cialized arrangements of electron flow 
random production of radiation from nuclear reactions 
or from chemical reactions of combustible fuels must be 
followed either by invention of equipment for inducing 
such specialized arrangements of flow or by discovery of 
a other form of transmissible power The only reason 
that we are limited today to wave lengths of around 10" 
angstroms is that the electrical art has grown up with 
this wave length. In the meantime we must be content 
with the same primitive conceptions of power generation 
that evolved in the latter half of the 19th century —-and 
this applies, of course, both to combustible and to 
fissionable fuels 

Perhaps electric power will not come fully into its 
own as the world’s predominant form of useful energy 
until new capital inventions are made, until we are not 
limited by the efficiency of the steam cycle, until bulk 
and until 


transmission at long distances is possible without in 


storage of power is economically feasible, 


ordinate loss. Some such capital inventions may have 


already been made. The importance of a new discovery 
is not olten apparent until development is well under 
way rhe direct electronic conversion of solar radiation 
to electric a landmark in energy tech 


Only time will enable us to be sure. 


power may be 
nology 

Che use of electric power in the United States appears 
to be growing at the rate of around 8 per cent per annum 
This can hardly be considered a reason for surprise or 
Annual increments of even 10 per 
are not Con 
tinued annual increments of 10 per cent would mount 
up to a one-hundred-fold increase in fifty years (which 
would seem formidable enough to public utilities), but 
during the past fifty years the total capacity of the 
world’s equipment for production of all kinds of power 
rhis in 
rhe 
consumption of petroleum in the world outside the 


special gratification 


cent uncommon in our energy economy 


from heat increased about one-hundred-fold 
cludes, of course, the internal combustion engine 


United States increased during the past ten years at an 
average rate of 10 per annum. During the 
past seven years industrial production in the United 
States increased only 33 per cent while in the rest of the 
world the per 
this country the rate of increase in petroleum consump 


cent per 


increase was 74 cent Accordingly, in 


tion appears to be declining a little—is now consistently 
under 10 per cent per annum. This ts a natural conse 
quence of gradual approach to saturation of our economy 
with motor velncles The average rate of increase in 
petroleum consumption over the next two decades ts 
expected to be about a third of that of electric power 
But the average rate of increase in consumption of motor 
fuel has been above 10 per cent per annum in the United 
States. In general, the rate of increase for motor fuel 
outside the United States has been higher than that for 
electric For example, in L (America the 
rates of growth have been about 5 per cent for electri 


power atin 


power ind 6 per cent for motor fuel 
Consumption of fuel for generation of electric power ts 


about a fifth of the total consumption of fuel for power 


58 


purposes in the United States, and for several decades 
this proportion has shown no marked tendency to mse 
In spite of its relatively low cost and its generally attrac 
tive features, electric power is still far from predominant 
Successful development ot 


even in the power category. 
economical nuclear power is not the answer if fissionable 


material is to be used merely to generate a part of the 
heat that would otherwise be generated by the com 
bustion of only about 12 per cent of our total annu il fuel 
supply 

If revolutionary forms of electric power should actually 
be conceived and developed, present-day generators, 
motors, and appliances might become obsolete, but the 
eventual effect on our economy should be favorable by 
extending the scope of electric power applications. | 
believe that have an faith that 
electric power is at an early point in its growth curve, 
und that in the world of tomorrow we shall utilize ele« 
tric power for almost all of our energy needs, including 
space heating. The market for space heating 1s now 
almost three times the total electric load in the United 
States 

An example of a power type that is generally be heved 
to be well advanced in its growth curve is motor fuel 
A reason for this in the United States is the gradual ap 
proach to saturation of our economy with motor cars, to 
which I referred a ago. But a fundamental 
reason for the world as a whole, which is very far from 


most oF us intuitive 


moment 


saturation with motor vehicles, is that the production « 
petroleum is approaching a peak. The most authenti 
computations indicate that the peak of domestic produc 
tion in the United States may come around 1965. The 
peak for the rest of the world may be around 1980 
Motor fuel will still be available for a long time after 
these dates, perhaps even in abundance, but costs will 
reflect the pressure of demand to be satisfied in part by 
the greater difficulty in discovery and production of 
petroleum, and in part, by relatively expensive conver 
sion of oil-shale and coal to liquid fuels. The pinch will 
come, of course, before the peaks of production. If de 
mand trends of the should continue, it 
looks as though world shortage of natural petroleum may 
start four or five years from now. 


past decade 


What part can be played by research in this dilemma? 
Ihe problem is serious for the United States and for 
other highly industrialized nations but it is far mor 
We have had 
our amazing industrial expansion at a unique period in 
a period characterized by a happy con- 


serious for underdeveloped countries. 


world history 
fluence between a certain state of technology and avail 
ability of cheap oil. Capital invention in Europe toward 
the end of the 19th century gave the world an internal 
combustion engine that was suitable for development to 
the present state of superlative functioning with petro 
leum distillate. In development it has been unneces 
sary to think much about efficiency. With motor fuel 
as cheap as bottled water we have preferred performance 
to economy. Development could achieve performance 
but only capital invention could achieve economy 
lechnologically, electric power is much more advanced 
than motor vehicle transportation. Electric 
generation shook off the reciprocating engine 
ago The automotive turbine 
planes) is still in the future. Electric power generation 
is approaching the theoretical efficiency of the steam 


pt wer 
half a 


century except in air 
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cycle, while the motor car has about the same efficiency 
as the 
for capital in 


The reason 
vention in electric power generation is to 


now obsolete coal-fired locomotive 
make it possible for electric power to fulfill its apparent 
destiny Che for capital invention in auto 
motive insportation 1s to perpetuate its 
We take or granted that we shall always have auto- 
motive transportation. We may, therefore, take it for 
granted that capital inventions will be made in this field 


reason 


existence 


hese could lead to obsolescence of vast amounts of 
uipment, but the ultimate effects on 


should be 


technology and e 
favorable 
not be 


our eco! 


Widespread auto 
will 


portation permanently denied 
the world’s population merely be 

cause they not consummated their development in 
the first half of the 20th century, but have delaved until 
plies of petroleum must be limited to the 
Underdeveloped countries, even those 


ilread 


inadequa 


highest bidd 
reserves, have vy missed the 
boat—but 


ver the horizon 


with great petroleum 


boat—the | leum research is bound to 


bring otl 


Phe 


shadow 


the automotive problem is in the deep 
future. Speculation is tempting but 
d ingerou nuclear 
ipphicatior Will 


battery « 


fusion be developed for such 
storage 


x 


electric 
Che 
refers to the 
that 
electri 


someone devise an 


menal capacity? In Forseeable 
Future physicist Sir George Thomson, 
internal combustion engine as an anachronism 
bsolete 

has been 


While we wait for 


outpouru 


will be wh as soon as a satisfactory 


cal accun devised 
i! ible 


ill we can 


ind de 


must do 


such radically new 
technical genius, we 


ol present automotive technology by 


ods of finding and producing oil re 
ling ways to manufacture cheap liquid 
rhe pressing need for better ways t 

uce oil is highlighted by the expressed 
geologists that the last 
world’s ultimate reserve of petroleum will 
or some decades after peaks of production 
that 1 
hore I can be 


method 


tinguished tw 


thirds of th 
not be 


have pas ind only a minor proportion of off 


produced with presently know1 
In vite 


of supplemental hi 


recognition of the eventual importancs 
uid fuels, so far we have spent most 


of our rese effort on development of the ancient 


Scottish pro 1 retorting of oil-shale and on develoy 
ment o rman processes for conversion of coal. Cor 
ventional ting of oil-shale, when combined with in 
proved n g technology, may prove to be good enoug! 
but perhaps liquefaction of oil-shale im situ without mit 
ing 1 hieved by nuclear fission if 
be f¢ nd id 


by-produc tN 


some way <¢ 


rapid poisoning of nuclear fuels with 
This may be an 
ill of the heat of 


nly 


ssion 


example of the 
which nearly fissior 
1 third as in the get 
coal-conversion suffer from 
loo high a proportion (nearly 
ilue of the lost in 


to principles of conservation, thi 


coal ts conversion 
ence 

inordinately 
iterial 


to be in the 


high when the price of 
to reflect high demand 
othing We 


in abundant resource 


rises 
have bee 


inking of coal as 


iccus 
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minor Phe 
incorrect and the latter is certainly temporary 

The latest statistics of the U 
be interpreted to indicate that bituminous coal, mineable 


and demand has been relatively former 1s 


S. Geological Survey can 


at anything like present costs, can be produced for 
little more than a decade at a rate sufficient to take care 
of such conventional demands as generation of electric 
power. If this ‘“‘cheap 
liquefaction, the peak of production will come 
1970 


none ol coal is diverted to 
rround 
Unless nuclear power can take a goodly part of 
the load, the 1u70 If 
nuclear power can be developed to fulfill its promise, 1t 


coal but 


pinch will come well befor 


will not be competing with this ‘“‘cheap with 


more expensive coal of good quality and with coal of in 


ferior grade such as subbituminous and lignite By the 


same token, the raw material for liquefaction will be 


either more expensive or poorer in quality Hori 


really leas for 
An old that might 


technological development 1s to 


new i conversion of coal are imperative 


| 


idea merit more corporate an 


combine generation of 


rhis 


inferwor}r 


electric power with manufacture of liquid fuel 


would involve carbonization of suitable coal of 


grade under circumstances favorable to production of 


maximum tar, and combustion of residual char to raise 


steam The creation of such an “energy industry 


seems to be a logical way of applying the technology we 


ilready know, because Btu loss and overall costs would 


be minimum But logical development of old ideas ts 
beyond the of this discussion 
In the United States we 


fuel for 


SC Ope 


consume about four times a 
generate 
than 


out 


much transportation as we use t 


electric power Motor fuel is much more expensive 


coal or residual oil So excluding taxes we pay 


dollars for automotive fuel 


The 


economy 1S 


ibout forty times as many 


for stationary power-plant fuel fuel research 


most important to our energ’, concerned 


therefore, with transportation of people and material 
but such research has scarcely begun 
capital invention by the 


look 


if we gage the importance of 
degree ol impact On our energy economy we mu t 


for discontinuities in the curves of progress By this 
that no important capital in 
field of 


century No 


gage we must conclude 


in the itutomotive 
20th 
shown a way to multiply the 5 per cent efficiency of the 
Brilliant des 


mechanical engineering design of automotive 


ventions have been made 


transportation during the one has 


motor car by five or even by two clop 
ments in 
power plants, in hydrocarbon chemistry, and in chemical 
engineering design ol processing equipime nt have accom 
plished the maintenance of a low cost for motor fuel and 
flexibility of the 


Consumption 


the ever increasing power and motor 


car, but the net result 1s not encouraging 
of gasoline per motor vehicle is more than twice as high 
today as it 1920, and the 


senger-nule ton-mile of 


was 1n comparisons per pas 


ind per freight are even less 


favorable The reasons for retrogression are largely 


sociological more traffic congestion, higher use-factor, 
excessive potential power, larger cars, and 
But 


luxury, 


higher speeds 


more devices for comfort without 
satiabl 


shown 


even our if 


ippetite for automotive elliciencies 


have only the gradual improvement that char 


icterizes the course of development during relatively 
stagnant periods between capital inventions 

The 
in the 


dieselization of railway locomotives was a step 


right direction but, like many other good things 
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it came almost too late—after railway transportation 
had passed its peak. If the diesel-electric had 
along earlier it might have been enough to offset some 
of the heavy competition of highway transporation 
The effect now is largely to extend the life of a declining 
No one has found a way to save our municipal 


come 


industry 
electric transportation systems, and even the most ver 
satile municipal bus systems seem to be having their 
difficulties. People want to ride in their own private cars 
In the universal thirst for mobility we have so con 
gested our streets and roads that in some places we have 
almost frozen ourselves into immobility. If taxicab 
companies in New York City were able to speed up their 
cabs to the rate of an unimpeded horse and buggy, they 
an extra fifty cents a 

In this dilemma we 
We can only 


would find it profitable to pay 
gallon of gasoline for the privilege 
can depend very little on development 
wait for capital invention 

In the automotive 
struggle to get out of the groove of classical internal-com 
reler to attempts to develop 


industry there are some signs of a 
bustion technology. I 
radical combustion chamber design, fluid injection, and 
gas turbine engines rhese, also, are steps in the right 
direction. But when these developments are 
finally achieved for they will 
arrived not before but affer the petroleum industry has 


any ol 
widespread use have 
spent an extra billion dollars to match a fuel to classical 
High octane fuel is almost at the peak of its 


and the descent of this curve will be rather 


engines 
growth curve, 
We may expect from these developments 
in miles per gallon, and be 


precipitous 
only a moderate increase 
cause of excess of demand over supply the gallon will 
cost more Some very new idea is required 

Questions that might occur to you are these: During 
the first half of the 20th century we have been moving 
forward in most technological categories with smooth 
ness, precision, competence, and often brilliance. Ex 
cept in the entertainment field we have experienced no 
Why 
should not such a serene prospect continue for the second 
half of Why are so many technologists 
becoming suddenly restless? Why are 


estimates being made for the future? 


sizable economic jolts through capital invention 


the century? 
so many radical 


It seems to me that the answers to these questions lic 
in the newfound realization that the Age of Fossil Fuels 
is approaching-——not its end, but its culmination ren 
centered our attention comfortably on the 
It has been only 


years ago we 
vastness of our fossil fuel reserves 
during the past five years that we have learned how to 
interpret these magnitudes. The fact that the United 
States seems to have about 90 billion barrels of petroleum 
still to be produced does not mean that our peak of 
production can be later than 1965. The fact that the 
rest of the world is likely to produce about 1226 billion 
barrels of additional oil does not mean that the pe ik of 
production in the rest of the world is likely to be later 
than Che fact that the United States may pro 
duce 600 trillion additional cubic feet of natural gas does 
not mean that the peak of natural gas production will 
1970. The fact that the United States 
two trillion tons of coal yet to be 


1980 


come later than 
seems to have nearly 
mined does not mean that the peak of production of good 
coal at something like present costs will come later than 
Che coal story is complicated and inter 
By way of illustra 


about 1970 
esting but cannot be expanded here 
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tion, 75 per cent of our coal reserve is made up of reserves 
that are merely inferred or are in beds thinner than 28 
inches, or are more than 2000 feet beneath the surface 
Of the other 25 per cent of our reserves, SO per cent 1s 
more than 1000 feet deep. Of the 20 per cent of most 
accessible coal, 45 per cent is not bituminous. Of the 
most accessible bituminous only about half can be re- 
covered by mining 
Taking Palmer C 
reserves and for rate of the world’s increase in energy 
demands, and assuming that nuclear fuels will not take 
over more than all electric power generation (now about 
the world peak of 


Putnam's figures for total world 


12 per cent of total energy demand 
production of all fossil fuels should come before the year 
2000. At the peak, the world would probably want 
about 4 < 10" 
will provide, and world shortage would begin to take 
effect not later than 1975 

Never, since the beginning of the industrial revolution, 
had opportunity and such a 


Btu's per annum more than fossil fuels 


have inventors such an 


challe nyge 
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STOP 


This completely new ond 


improved model TURNER SCALE 
THICKNESS INDICATOR not only reads scale directly in 
thousandths of on inch, it is invaluable in locating pitted and 
eroded tubes prior to their failure, thus eliminating costly shut 
downs Write for technical data and information today 
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1617 THIRD STREET JACKSON, MICHIGAN 


March 1956—-C OM BUSTION 








Highlights of Nuclear Engineering 
and Science Congress—III 


he safet uspects of water cooled 
be moderated reactors depend 
basically upon the inherent stability 

wer transients of such 
ling to R. J. Creagan 
of Westingh« lectric Co. who pre 
a pape ntitled Safety As 
pects ol W led and Moderated 
Reactors iddition to the inher 


with respect t 
reactors, act 


sented 


stabi with respect to small 
nuclear incident 
ed by the ex 
the reactor 
l element burnout 
r from such 
from the dis 
ve hssion Irag 
ment of these fis 
ther safety item 
wled power rea 


ment containment 


fission tragments 

the fuel which may be 

l loy, or a ceé 

rami material is sur 
rounded i fuel element clad which 
I i barrier 4 third 

the pressure 

p piping. The 

irrier to expulsion of 

ts is provided by a 

i large volume 

encloses the 


According E. P. Blizard of Oak 
Ridge National Laboratory, who pre 
entitled Reactor 


hie Iding 


sented i paperT 


Shielding nuclear 


ylants 1s 


1Lse 
shielding 


control rods 


G. Hoyt Whipple 


ot ‘ 
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Hazard Control for a 
stated that the maxi 
occupational expo 
National 


Radiation Protection 


Radiation 
Power Reactor 
mum permissible 
sure recommended by the 
Committee on 
is 0.3 roentgen per week. The Com 
mittee makes it clear that the con ept 
of a maximum permissible exposure 
does not entirely preclude the possi 
bility of radiation injury to the ex 
posed individual, or to succeeding 
generations It is the intent, how 
ever, that the probability of the occur 

nce of such injuries should be so low 
that the risk will be readily acceptable 
to the average individual In other 
words, a radiation dose of 0.3 1 per 
week after week 
throughout a working lifetime is not 
How great is this 


week received 
without some risk 
risk, and how does compare with 
the ordinary sks of life? 

For the purposes of this discussion, 
to-day 
ysures to small amounts of radia 


ch is concerned with day 


it will be sufficient to consider 
biological effects ol radia 

an shortening and genet 

found from extensive 
experimentation that rep ited 


radiation reduce the 


exposed individt 


1als 

an amount roportional to 
the total dose also appears from 
experiment fractional 
pan shortening per roentgen is 
stant among the variou 


pecies of animals, at about | per cent 

00 roentgens. It is important to 

that individuals in the irradiated 
die, in general, from the im 
the individuals in the 
the difference 


sooner 


radiation 


induced by 
e to consider 
bitter contro 


I I } S ible 
predict the exact mag 
genetic risk involved in 
n radiati exposure, but it 
mated that a se between 100 


Nhe 


idual in one 


generation will double the mutation 
burden in the next generation 
The risk of genetic mutations ts not 
to the individual who receives the 
radiation, but to his children and to 
succeeding generations rhe problem 
of the genetic effects of occupational 
radiation exposure is one of conserva 
tion: conservation of the human race 
if vou will 
The control of irradiation hazard 
will add significantly to the total cost 
of buildings and operating a nuclear 
nt Consequentl ever) 
of control must be examined 
to determine whether it 1s 
to the 
or whether it is justified on 


proper operation ol 


grounds of plant efhiciency 

The cost of designed-in control and 
safety must be evaluated in terms ol 
the savings they will permit in oper 
ating costs Construction costs are 
paid only once, but operating costs 


will be paid throughout the life of the 


Suppose that a piece of equipment 
has failed in an area of high radiation 
levels, and that replacement of the 
equipment will require two man-hours 
of work in an are: ! the radiation 

1 Or per i Suppose also 

the poli special work con 

is in the plant permits a man to 
to 2 a single exposure 


that » is removed from 
exposure for a period of 13 
nder these conditions the 
nt job can be done with a 
10 men, each receiving 2 
minute work period. For the 
next ;} weeks these 10 men will be 
excluded radiation worh If 
| +} 


there is no radiation-free work in the 


from 
plant for these men to do, the cost of 
the replacement job can be a 
man-year 

rhe proper plant design 1 the one 
which reduces the frequency at which 
failures in high radiation areas will 
occur; it will reduce both the time 
ind dose rates required to make these 
replacement and ~=sfinall 
: , 1 


plant design will keep a large portion 


proper 


of the plant at sufficiently low radia 


tior level to permit 


{ radiation-tree 


work by men who have 


de 


t% 
liath 


one or anoth 

art of nuclear power plant 

tion Failure to take this in 
count in designing the plant may 
make the plant operation very cum 
bersome when such regulations are put 


into effect 
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subject of ‘Effects of Nuclear Reactor 


sible exposure of 0.5 r per week has Radiations on Structural Materials 
a small but significant risk f a life The one by Ira F. Zartman of the 
Energy Commission 


4 stated that the 


The recommended maximum per 
mi 


Atom 

Washington, D 
need for neutron econ¢ 
requirement of high pi 


tural materials since man 


time occupational exposure It 1s I S 
ongly recommended that a figure 
r than one-tenth of this be ymy imposes the 
the criterion for a l for stru 
nt Proper regard of the com 

j 


' = 
urities are good 


ff radiation hazards monly tolerable imy 
will reduce the neutron absorber rhe materials 


must be free of such ¢ 


will also reduce operat 
boron, lithium, cadmium, and c: 


Che metal zirconium has man 


ties which make it valuable in 


construction; however, tn 


Stainless Steel 
|OT-Yol-laehiel a 


Internal Vent Condenser 
(stainless steel) 


Spray Baffle 
(stainless steel) 


Deaerating Compartment 
(stainless steel) 





Venturi Section 
(stainless steel) 


Atomizing Section 
(stainless steel) 


NO MOVING PARTS 
completely self-adjusting at 
all loads without springs or 
mechanical gadgets . . . no 
clogging or sticking . . . no 
maintenance problems. 


ALL STAINLESS INTERNALS 
eliminates corrosion of vital 
parts specially designed 
to keep undeaerated water 
from contact with tank. 


Send for FREE Bulletin 102 


L * A WATER SOFTENER COMPANY 


Glendale 1, California 


1007 Air Way 


element hafnium is associated with 


zirconium. Since hafnium its a great 


neutron absorber, it must be removed 
and the zirconium prepared to a high 
rhis operation con 


1 purit 


considerably to the cost of 
grade zirconium 
| 


The radiation efi ts produced DV 
reactor radiations may be grouped into 


three distinct categories i) capture 


processes, (b) ionization effects, and 
atomic collisions 
property 


General] the physical 


hanges resulting from transmutations 
lements following the capture of 
vely unimportant 
be formed which 
the rol 

Vhen neutron 
in fuel ele 
impurity 
form of fi 
producin 


extent that im 


bject, J. C. Wilson 
Billington of Oak Ri 
I pointed 


borator 


National 
] ; 
i SCTCE 


ear i¢ 

Materials with low neutron cap 
ture cross sections are preferred, be 
cause neutron capture by other than 
the fissionable fuel or breeding blanket 
towers the reactor efficiency and will 
marked! reduce breeding 
conversation ratio Low neutron 
cross section per atom ma 
inadequate criterion; neutr 
ection per unit strength 
ma 


rrosion resistance 


nsidered 


attenualtt 
terial, gradier 


ind potentiall 
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Are you getting 
what you pay for 
with 
YOUR coal dollar ? 











Before you contract for your 
1956 coal supply, we suggest 
you make combustion compari- 
sons. As you well know, actual 


steam cost—not coal price per 
ton—is the deciding cost factor. 
Let us demonstrate how to get 
all of the Btu content your coal 


dollar purchases. 


At our Enos and Enoco Mines... 


we ship over two million tons of 
exactly prepared coal annually to 
leading industries. 
Enos and Enoco coals are care- 
fully screened, then blended to 
specific size requirements. Con- 
trolled high quality, uniform size- 
dependable delivery 
insure top fuel economy. 

If you are interested in fuel sav- 
ings, our Combustion Engineers 
will gladly analyze your require- 
ments. Their services are free of 
charge, and a test of either or both 
of these premium coals can be ar- 
ranged. Their performance will 
be proof of their economy. Write 
or call today. 


utilities and 


consist and 





atere, 
> + Place a 
2 : trial order 
: : Make a 
faneras test comparison 
THE ENOS COAL 


MINING COMPANY 


Sales Offices for Enos and Enoco Coals 


1405 Merchants Bank Bidg. 310 S. Michigan Ave. 
Indianapolis 4, indians Chicago 4, lilincis 
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For Setting Fire Brick 

Super #3000 has proved conclusively 
to be the strongest, most abrasion- 
resistant of all bonding mortars at 
low, medium and high temperatures 
to 3000° F. 

It is volume-stable, expanding and 
contracting with the brick; hence it 
does not shrink or crack in the joints. 

Because of its heavy body and water- 
retention properties, Super #3000 
makes tight joints that prevent pas- 
sage of gases into furnace walls. Used 
as a wash coat, it protects the firebrick 
against erosion. 


On Inside Duct Lining 
A %” thick layer of Super # 3000 over 


after you apply 


SUPER *3000 


Refractory 
Bonding 
Cement 


STRONGER 
REFRACTORY 


LININGS 









the insulation provides long-life re- 
fractory lining that withstands erosion 
of hot abrasive gases. 


On Induced Draft Fan Casings 


Where previously repairs required 
heavy, abrasion-resistant steel plates, 
now a coating of Super #3000 pro- 
vides safe protection for many months 
against the scouring action of fly ash. 
The same coating protection can be 
provided for dust collectors. 


On Boiler Tubes 

By painting the tubes (in the second 
and fourth pass of the boiler) with a 
thin mix of Super # 3000, considerable 
protection is provided against erosion. 


Super #3000, the truly all-purpose, ready-mixed bonding mor- 
tar that bas proved its superiority on thousands of tough jobs, 
challenges your investigation. Let us send you a drum for test. 


REFRACTORY & INSULATION CORP. 
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that is not metallurgically compara 
ble. Otherwise very long exposures to 
high neutron fluxes may result in an 
alloy of different composition and 
properties 

+) The material must be resistant 
to deleterious radiation effects. That 
is, energetic (fast) neutrons in a rea 
tor have the ability to change the 
properties of a material by introduc 
ing vacant lattice sites, interstitially 
momentary high tem 
perature regions (thermal spikes), or 
by breaking chemical bonds. Conse 
quently many of the important engi 


placed atoms 


neering properties, or behavior charac 
teristics, may be affected, some ad 
versely 
Irradiation-induced mechanical 
property changes can be substantial 
and possible of sufficient magnitude to 
influence materials selection and de 
sign Increased strength and hard 
ness almost invariably result from 
neutron irradiation of metals if the 
temperature of irradiation or test is 
not so high that the radiation induced 
defects are 


annealed. Generally, an 


nealing of the radiation effects in 
metals occurs substantially below the 
recrystallization temperature in engi 
neering alloys 

rhe reduction of area and the elon 
from 
specimens is usually reduced in irradi 


gation measured tensile test 
ated metals. In some pure metals 
and a few other age-hardenable or 


cold worked alloys 
increas¢ the 


irradiation may 
actually elongation 
Metals with low initial ductility seem 
to suffer greater reductions in duc 
tility than materials of generally high 
ductility Increased ductility, after 
irradiation, has been noted in two 
cold-worked aluminum alloys and in 
two age hardenable nickel alloys 
irradiated at 540 | 

steels of the 


pressure 


Normalized carbon 
type used for vessel con 
struction suffer serious ductility loss 
after irradiation in molybdenum 
allovs the same effect has been ob 
served, but high purity tron loses little 
ductility after irradiation 

The austenitic stainless steels, the 
tougher nickel base allovs and a num 
ber of non-age hardenable aluminum 
alloys seem to lose very little ductility 
in irradiation, but there are examples 
of aluminum base and nickel base 
allovs, rather low in initial ductility 
that have lost substantial amounts of 
ductility 

In considering the reduced ductilit 
of the more ductile metals it must be 
remembered that simultaneously an 
increase in yield and ultimate strength 
accompanies the loss in ductility in 
the irradiated metals. If two reason 
ably ductile annealed 
brought to the same vield stress level 


metals are 
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one by cold work, the other by irradi 
ation, it will usually be found that the 
elongation and reduction of area are 
greater for the irradiated metal, but 
the ultimate strength of the cold 
worked metal may be greater or less 
than the irradiated metal 


Liquid Metal System 


Liquid metals for heat transfer 
purposes lie in an area of technology 
whose development has been greatly 
accelerated by widespread interest 
in atomic energy Very substantial 
development funds have been made 
available to the several AEC labora 
tories and compames en 


gaged in applying liquid metals in heat 


private 


exchangers 

In a paper entitled 
Materials 
Fabrication 
and Sodium-Potassium Cooled Heat 
Transfer Systems W. L. Fleisch- 
mann and R. F. Koenig of the General 
Electric Co. stated that the principal 
specih 


Selection of 
Design, and Specialized 


Procedures for Sodium 


advantage of a liquid metal 
cally sodium, over water is its high 
boiling point That means that 
sodium can be maintained as a liquid 
to extremely high temperatures with 
out pressurizing the systems \t 
the same time, the melting point of 


sodium is rather low High rates of 


heat transfer are obtained at reason- 
able fluid flow rates, and the low vis 
cosity of sodium makes the pumping 
power requirements reasonable. 
Since sodium and NaK are metals, 
it is important to recognize that heat 
is conducted not only by molecular 
momentum and eddy diffusion as in 
gases, organic liquids, and water, but 
also by electron motion, a mechanism 
which is equivalent to conduction of 
electricity Hence, one of the sig 
nificant characteristics of the liquid 
their high thermal con 
Jecause of the high ther 


metals is 
ductivity 
mal conductivity, 
trical conductivit 
ducted through narrow channels with 


analogous to ele« 
heat is readily con 


out the necessity of depending upon 
convection or eddy current diffusion 

This combination of high thermal 
conductivity, high specific heat, and 
low density makes the alkali metals 
appear desirable for liquid metal heat 
transfer systems. Their superiority 
is particularly marked in heat trans 
fer systems having high thermal 


fluxes In a nuclear reactor the 
allowable heat generated by the fuel 
elements is only limited by the 
ability of the coolant to remove the 
heat, and hence for this application 
the alkali metals have a distinct ad 


vantage 
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O. E. Dwyer, D. H. 

ind J. R. Weeks of Brook 

National Laboratory, in a 
entitled “Liquid Bismuth As 

a Fuel Solvent and Heat Transport 
Medium for Nuclear Reactors,”’ bis 
muth has the advantage of a very low 
cross section for neutron absorption 


low chemical reactivitv, and good heat 


f . 
ort characteristics as a _ Reliance 


for thermal nuclear 


It is also a sufficiently good 
uranium to make it the : 
il carrier for a liquid fo 
On the debit side, bis 
latively high pumping 


presents a cor 
is a high cost, and 
upon neutron irradi 


i plentiful element = N Simple as A-B-C, yet 


last war. its produc tion 
ry reached about 1000 fe,d dabl 
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cluding editors and technical writing 

specialists 
The text by 

Walter 


Texas is especially valuable because of 


Professor Mills and Pro 
fessor of the University of 
the large number of excerpts puvlished 
from actual reports. In most instances 
the authors have prepared a commen 
tary analyzing the reports and pointing 
out the application or misapplication 
f techniques. Pos 


voted to 


ol speciic writing 
sibly a third of the book is de 
these examples of technical writing 
including a major appendix in which 
four manuscripts (two oral and two 
written, on the same subject) by John 
L. Galt are published 

The engineer who is interested in 
seeing how preparation of a manus ript 
for oral presentation differs from that 
for formal pul 
In fact 


manuscript 
I reading 


they muigh 
for those 
ubmuissio 
If more 

kind of troul preps oral and 
written rsio of heir technical 
engineering 
appreciabl 
portant, the 


technical material 


i hild in grade 
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school, might be superseded by a more 
vibrant oral presentation that would 
maintain audience interest in even the 
most abstruse technical subject 

In contrast to the educational 
approach used in “Technical Writing 
B. H. Weil, who is Manager of Infor 
mation Services of the Rtsearch and 
Engineering Department of Ethyl Cor 
poration, combined the talents of 25 
contributing authors in editing The 
Technical Report The book is the 
outcome of a which the 
Division of Chemical Literature of the 
American Chemical Society conducted 
rhe result is a very compre 
practices 


SVmposium 


in 1953 
hensive coverage of current 


in writing, illustrating, editing, dupli 

filing 

technical reports 
he five parts of the 


el functions 


cating retrieving and using 


pre esing 1 weir 
roce ing g and using 


| 
Distinctior made between the 
function ) I technical report in 
industr rm government Infor 
mation pro n the writing 
progres po rmal reports, liter 
nd oral reports 

nteresting chapters deal with 


filing 
re ports 


methods of indexing, classifying 
and abstracting 


Phere 


on methods of illustrating 


technical 
is also considerable information 
duplicating 
ind binding reports 

Anyone whose _responsil 
clude the 
reports will find this book of 


lerable value 


bilities 
preparation of ] 


51 
in every industrial libra nd 
handbook for 


individual engineers as well 


well serve as a writing 


Symposium on Effect of Cyclic 
Heating and Stressing on 
Metals at Elevated Tempera- 
tures 

1STM Spe 
165, 184 f 


It has been long realized that much 
if not most, engineering use of metals at 
elevated temperature involves periodic 
hanges in temperature or stress or both 
However, the engineer has available for 
most metals only constant stress and 
temperature data for design purposes 
This poses the question of how changes 
in stress or temperature modify the 
constant stress and temperature behav 
1or of metals and thus the designs based 
behaviors 
Phis Symposium, which was originally 
ASTM Annual 
Meeting, is intended to cover those situ 


on such 
presented at the 1954 


ations involving relatively slow changes 
in stress or temperature or both. In 
practice many such changes are aperi 
odic, and much of the experimental work 
covering this Symposium uses period 


variations. It is hoped that certain 


general considerations may, however, be 
deduced from the experimental results 
herein 

rhe information in this Symposium 
should be of use both to the en 
designer, as an aid in desigr 
stress or temperature variation 
the researcher as a spur t 
efforts to obtain more exact 


design criteria 


Report on the Elevated Tern- 
perature Properties of Se- 
lected Super-Strength Alloys 


, 34.75 
Phis is the third ir 
reports prepared under the a 
the Data and Publications Panel of 
ASTM-ASME Joint Committee or 
Effect of Temp t on the Pr 
ties of Metals 
Primarily this rep sa graphi 
elev: d temperature 
data for selectec 
Included are 
showing tensile 
ffset vield streng 


cent elongation and reduction 
stresses for rupture in 100 
000 and 100,000 hr when av: 


lor creep rates ol 


p 
).000 hr 


ind stresses 
in 10.000 and 
Original data sheets (206 of them 


appear in the body of the report direct! 
following the curves \ brief descrip 


tion of each alloy ts included which gives 


chemical recommended 


heat treatment, and a few words about 


composition 


orging and machining These allo 
le 


l 
descriptions furr ! ader with 


basis of comparison so that he can refer 
to the optimum 


recommended by the producer of e: 


processing conditions 


alloy when using the data It is not 
these brief descriptions 
1 


iOVS 1n 


intended 
serve as a guide for using the al 
production omplete information 
is available from the alloy producers 
upon request 

The Appendix contains some ver 


short-time rupture data for several of 


the alloys, and a compilation of chemical 
compositions for approximatel LOO 
super-strength alloys 

The following 


the data 


allovs are covered b 


19-9DL Haynes Allov No 
6-25-6 Refractaloy 26 
I iscaloy 24 Inconel X 
\-286 M -252 

55 Havnes Alloy No 
S-5o Havnes Allov N« 


SSI] 


ASTM Standards on Coal and 
Coke (with Related Informa- 
tion 
TM, 164 pages, $2.2 


['wenty-seven methods of test, defini 
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for coal and 
specification 

oal according 

ire included in the 
Standards rhis 
previous editions has 
accepted and used by the 
and by industries 
hasing these fuels 
ater lots. It is of 
electric utilities com 
red steam generating 
gas manutacturers 


necies and others which 


large quantities on 
been pre pared by 
1 and Coke of 

for Testing 


oa 


thie recog 

for standardiza 
sampling and test 
Some of 

compila 


is Amen 


methods 
draft form 


, 


mpo 
occurred 
sponsored 
Coal and 
Meeting of 
represent 
coal and 
statistical 


both here 


ASTM Committee 
ommiuttee on coal 
work was devoted 
ling As the work 
sed it was realized 
ries on the subject 
were controversial 


nically sampled 
: 


xister insolar as 


, 
ilue toward 


s required 
experiments 
hat the result 
me inform 

/ 


interested in 


seemed the 


this decision 
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A NAIL... 


Something that wasn’t there 
once cost a king his life. 


For today’s boiler, lack of internal protective surfacing 
is hardly a life or death matter. Yet consulting engi- 
neers ... insurance underwriters... power plant oper- 
ators increasingly specify, recommend, and purchase 
Apexior Number 1 for tube and drum coating. Why? 


Because the yardstick of return on investment proves 
Apexior’s unique service now pays off at the highest 
rate ever ... for modern boiler design and operation 
today permit a single Apexior application to deliver 
maximum protection not only for a normally antici- 
pated five years, but for one — three — sometimes 


even five years more! 


And because Apexiorizing is now a one-coat procedure, 
former material and labor estimates are halved. Pro- 
tection that can last twice as long today costs half as 
much ... a trifling pennies-per-square-foot premium 
to insure full return on a major capital investment. 


Like the legendary nail, boiler protective coating may 
seem a factor of small significance — yet it can mean 
the difference between acceptable performance and the 
best of which the modern boiler is capable. The assur- 
ance every inspection gives that tubes and drums are 
functioning at new-metal peak efficiency is the measure 
of Apexior’s service in maintaining highest steam pro- 
duction reliability and quality — a contribution meas- 
ured ultimately in profit dollars. 


Internal boiler protection is but one phase of Dampney 
corrosion-control activity. Dampney Coating Systems 
for specified end-use service protect cooling towers — 
intake water structures — pipeline interiors. For a 
recommendation to meet your requirements, write 


——— — 
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Your plant and equipment suffers . . . your 
community goodwill fades away. These problems 
can be solved. Prat-Daniel Collectors are 
designed for the control of industrial dusts 

and flyash. Multiple small diameter tubes 
provide powerful centrifugal forces, 

resulting in sustained high collection efficiency 
...even with ultra-fine dusts. 


Whether the problem is industrial dust 
or flyash, you are assured of satisfaction with 
P-D Collector Systems, engineered to meet 
your specific needs. 

Write for Reprint No. 102 titled, 
“What Type Collector?” 


&D 


Project Engineers 


THE THERMIX CORPORATION 


GREEN WICH, CONN 
(Offices in 38 Principe! Cities) 
Cenedien Affilictes: T. C. CHOWN, LTD. Montreo! 25, Que 
Designers aed Monvioctures 


PRAT-DANIEL CORPORATION 
SOUTH NORWALK, COMM, 
POWER DIVISION: Tubular Dust Collectors, Forced Draft Fans. Air Prehesters, induced Draft Fans, Fea Stecks 
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ASTM Manual on Industrial 
Water 


1ST M, 430 pages, $5.00 


This Manual, revised and reprinted 
in 1954, offers a broad discussion on the 


? 


nature and uses of industrial water 


plus up-to-date test methods and speci 
fications developed by leading authori 
ties in the field 

While the general discussion, com 
prising the eight chapters in the front 
of the book, is essentially identical to 
the first printing, 11 new test methods 
8 revisions of existing methods, a com- 
plete table of contents, and a detailed 
index have been incorporated into the 
Manual. Also several proposed methods 
published as information have been 
included 

his Manual was prepared by Com 
mittee D-19 of the American Societ 
for Testing Materials 

Chapters include the following infor 


matior 


I. Uses of Industrial Water 
I] Difficulties Caused by Water in 
Industr 
III. Composition of Industrial Water 
and Water-Formed Deposits 
I\ Ireatment of Industrial Water 
V. Sampling of Industrial Water 
VI Analvsis of Industrial Water 
VII. Sampling and Identification of 
Water-Formed Deposits 
VIII Analysis of Water-Formed 
Deposits 


Included in this Manual are the 
various specifications, sampling methods 
definitions, and test methods that have 
been standardized by the society 
through the work of its Committee 
D-19 Methods are listed for sam 
pling; analysis; reporting results; and 
testing 

New ncludes 10 methods 
for: chemical oxygen demand (dichro 
mate oxvgel man of industrial 
waste water hiorin requirement of 
industrial water and industrial waste 

in industrial water (residual 
hlorine-nitrate 1on-sulfite ion in in 
dustrial waste v r (odor-oil matter 
pH -sulfides determinatio 
thickness of internal deposits on 
Taces and 
industrial 
te water 
Chis Manual is intended 


nee 


at , FLOW INDICATORS 


| | eo up to 6 


H fl 
LL. >~ 

= 4 
a w Woter Column & Gage Co. 
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hree tv pe IS€! executives and 
plant designer individuals engaged in 
industrial operations involving the use 
ot water und analysts, operators of 
special instruments, engineers, and con 


stant 
Suitants 


ASTM Specifications for Steel 
Piping Materials 


1S7M, 432 pages, $4.00 


he 1955 edition of this compilation 
nsored by ASTM Committee A-1 on 
teel contains the latest approved form 
of 58 ASTM specifications for ferrous 
pipe, tubes. castings, fittings, and bolt 
ing material 
Inchided in these standards, 47 of 
which ha been revised this vear, are 
Tentative ethods and Definitions for 
Mechanical sting of Steel Products 
4 370), and Classification of Austenite 
Grain Size in Steels (E 19 Also 
included in the compilation are Ameri 
can Standards for Wrought Steel and 
Vrought Iron Pip } 36.10) and Stain 
less Steel Pit 1 
New specif ms not in the 1954 


issue include specifications for 


Welded Steel Pipe for 
ure Transmission Serv 


Wrought Iron Heat 
Condenser Tubes 


ngs, Normalized and 


High Pressure and 
perature Service (A 


by virtue of their 

ped by Committee 
omprising prominent 
iting consumers, pro 
neral interest members 
1st As a result this 
rvice to those con 

ire piping, power 
leur field, and 11 
where the proper 


pes of ferrous metals 





WANTED 
POWER ENGINEER 


Heavy chemicals plant, Upper Ohio 
is seeking top notch Me- 

r Electrical Engineers with 

power operating experi- 

Would join crganization 
ng 55,000 Kw multi-unit coal- 
Opportunities for good 


st-growing plant 


Address inquiries in care of Com- 
ion Publishing Co., Inc., Box 
200 Madison Ave., New York 

16, N.Y 
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Carolina Power & Light 


again specifies 


Richardson Automatic Coal Scales are playing a 

vital part in helping supply power for the new 
Industrial South. Here are Richardson Model 39's in an 
outdoor installation at the new generating station 

of Carolina Power and Light. 


To both industrial and utility power generating stations, 
specifying Richardson means — 


A 24” x 24” inlet opening and 26” wide belt for 
maximum coal flowability. 

All wiring and controls outside coal chamber. 
Access doors which will not spill dust on floor 
when opened. 

Beam ratio test facilities outside coal chamber. 
Gravity operated by-pass, with no restriction of 
coal flow to downspout. 

No drag links or wires attached to weigh hopper. 
Nationwide after-delivery service. 

Latest development in the 39 Series of Richardson 
Automatic Coal Scales is the Model H-39 shown 
below. May we send you our new 16-page engineer- 
ing data book on the H-39 Coal Scale (Bulletin 
0352), without cost or obligation? 

RICHARDSON SCALE COMPANY : Clifton, New Jersey 
Atlanta * Buffolo * Boston * Chicogo * Detroit * Hevsten 


Minneapolis * New York * Omoho * Philedeiphic * Pittsburgh 
Son Francisco * Wichita © Mentrecl * Toronto 


@® ever 


MATERIALS HANDUNG BY WEIGHT SINCE 1907 
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What makes 
a barrel-type 
boiler feed pump 


Stay in 
service? 


Here are some of the design features that assure dependability 


Today’s modern multi-stage centrifugal pumps for boiler 
feed service are the result of years of research and design. 
To provide efficient service plus dependability, De Laval 
has incorporated these important features in its barrel- 


type pump. 


Double Volute Diaphragms 

Double volute diaphragms provide for radial hydraulic 
balance and assure a continuous rising head characteris- 
tic from the design point to shut-off. RESULT—Higher 
efiiciencies are maintained over a wider range of operation 
than are generally obtained with other jorms oj] velocity 


pres sure conversion. 


Individual Diaphragm Bolting 

Elimination of rabbet fits and gaskets permits straight 
metal-to-metal contact of adjacent lapped faces of the dia- 
phragms which are individually bolted together to main- 
tain tight joints and ease of assembly. RESULT—Positive 
assurance against inner case leakage, complete elimination 
o/ misalgament CaUSES and a minimum oj distortion from 


sudden temperature changes 


Positive Sealing Between Suction 

and Discharge Chamber 

Inner assembly is held at the inner high pressure joint at 
the suction end of the barrel, against a flexitallic gasket, 
with through bolts. The joint between the suction and dis- 
charge chambers is made tight during assembly remains 


RESULT Vo 


possibility ol leakage or gasket loosening due to changes 


tight whether pump is operating or idle 


of force on the inner joint, 


Bare Shaft 


Bare shaft construction with split ring-shrink fit method 


70 


of impeller mounting permits a scalloped shaft design and 
eliminates the need for spacer sleeves between impellers. 
RESULT 


impeller and elimination ol spacer sleeves the vreatest 


Better hydraulic conditions at the eye of the 


cause of shaft warpage. 
Wearing Rings 

Diaphragms and impellers have renewable wearing rings. 
Impeller rings are threaded on the impeller hubs against 
rotation, and diaphragm rings are held by a breech lock 
RESULT 


renewal of original clearances without major part reneu al 


fit in the diaphragms. Construction permus 
or modification. Labyrinth type diaphragm ring results in 
minimum leakage over a longer period of lime than with 


close cle arance flat rings. 


IMO Oil Pump 
\ De Laval IMO pump designed for high speed operation 
is direct-connected to the outboard end of the barrel pump 
shaft, and is sized to lubricate both pump and driver bear- 
ings. RESULT 


ment IMO pumps, assures positive lubrication and elimi- 


Quiet, pulsation-free, positive displace- 


nates the need of extra shaft length and mechanical com- 


; ; ; 
plications required by gear drive lube oil pumps 


BULLETIN CONTAINS HELPFUL DATA 


This De Laval bulletin on the 
barrel-type boiler feed pump covers 
all major design points . . . has 
cross-section cut-away illustration 
for easy reference. Write on your 
business letterhead for your copy 
of Bulletin 1506 to De Laval Steam 
Turbine Company,886 Nottingham 
Way, Trenton 2, New Jersey. 
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Bartlet?-Snow 


coal handling 








a ree 


@ The illustration above shows the first 30,000 KW 
unit of a plant which is to be extended into a 110,000 KW 
station. All coal handling equipment including track 
hopper and grill, duplex feeder, conveyors, galleries, 
chutes, tripper and all supporting structures were fabri- 
cated in our shops, and installed by us, to Stone and 
Webster's plans. For efficiency, satisfaction, and fixed 
unit responsibility, let the Bartlett-Snow coal handling 
engineers, with their long experience and complete 
facilities work with you on your next job. 


DESIGNERS 


“Builders of Equipment for People You Know” 


General View —Saybrooke Station 
Central Illinois Elec. & Gas Co 
Stone and Webster Eng. Corp 
Consulting Engineers 


Belt Conveyor from 
Track Hopper to Crusher House 


View of Crusher House and 
Stocking Out Conveyor 





How we 
S-T-R-E-T-C-H 
walwve life 


Every Powell Valve comes with a long, dependable life 
built-in. We make certain that every Powell Valve will 
give long, trouble-free service through careful quality 
control of every step of manufacture. 


Quality control begins with the very materials and 
metals of which Powell Valves are made. For instance, 
the tensile strength test—stretching metal to the 
breaking point—is one of the numerous ways that 
Powell Valves have Performance Verified. 


As a final step in manufacture, every Powell Valve is 
subjected to an actual line test. Because of Powell's 
painstaking quality control, plant shutdown through 
valve failure is greatly reduced. Records from re- 
fineries, power and industrial plants the world over 
prove it. 

Consult your Powell Valve distributor. If none is near 
you,we'll be pleased to tell you about our COMPLETE 
quality line which has PERFORMANCE VERIFIED. 


The Wm. Powell Company 


Cincinnati 22, Ohio ..«-. 110th YEAR 


FIG. 11303 WE—1500-Pound 
Pressure Sea Steel Gate Valve 
- 


POWELL VALVES 


BRONZE ND CORROSION RESISTANT VALVES 
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This kind of 


Crawler Tractor Design 
gives you 
extra coal-handlin 





HD <6 55 belt hp 
12,400 Ib 


+. and only Allis-Chalmers HD-6 has it— 
advanced design features that 
combine big performance, 
versatility, dependability and 
simplified servicing! 


Allis-Chalmers HD-6 


t’s built to give sure 


you can see its function- 
-footed traction, better 

But there’s more to this crawler tractor 
e eye—the performance advantages of Allis- 
need basic design. It provides more working 
ngth in all components, more working 
eeded... 


rawn or mounted equipment 


power, 1ore 


makes the HD-6 an outstanding 


weight where it’s 1 
performer wit d easier to 
operate ‘ 

Let vour s-Chalmers dealer show you how the HD-6 


t extra Output on your jobs 


CONSTRUCTION MACHINERY DIVISION 


HALMER 


MILWAUKEE 1, WISCONSIN 


em ee re ee ee ee ee ee ee ee ee ee ee ee ee ee ee es es 
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SOP OPO OOOOOSS ais 


) 


\ 


9 Allis-Chalmers 
Pst Heavy-Duty Diesel 


Engine. The HD-6 

Ps power plant is designed for 

big Output, ample reserve 

a capacity and low maintenance. Ener- 

: 4 @ gy cell controls combustion timing 

J ’ }) | and pressures for high efficiency. 

EY, Tornado Turbulence mixes air and 

SU fuel thoroughly for more complete 

burning. Follow-Through combustion sustains effective 

working pressures to take advantage of better crankshaft 
leverage. 


Special Strength and Protection. Exclusive all-sice! 
box-A main frame makes possible superior over-all balance, 
better equipment mounting . . . plus service simplicity of 
unit construction. Major assemblies like engine and clutch 
can be removed without disturbing adjacent parts. One- 
“wrap-around” radiator guard provides maximum 
complete protection 


piece 
strength for bulldozer mounting. . . 
for radiator. = 


,O 


K) 2 
Extra Clutch Life—with Ceramic >) . 
Lining. The HD-6 master clutch offers Yo ) 
simple, single-plate, over-center design “— 
Revolutionary new ceramic button clutch 
lining keeps clutch operating longer between 
adjustments lengthens clutch life... 


reduces lever pull for easier operation. 


ro) 


Straddie-Mounted Final 
Drive Geers. Tapered 
bearings support 

both 
final drive 


roller 
ends of the 
gear 

shafts. Smaller gears 
and shorter shafts (plus line-bored 
one-piece case), provide better bear- 
ing and gear alignment, more strength 
life. Double-reductior 


Je greater gro 


: ie New-Design, Heavy-Duty 

: Track. HD-6 track provides long 

. life under the toughest conditions 
HD-6 sidebars have more s enefit 


‘ 


ee! where it's needed 


rom new heat-treating methods which make possible new 


standards of strength and hardness throughout for extra 


wearability 


Other Outstanding HD-6 Features 


no other tractor in this size class has them—at no extra 


cost you get roller bearing truck wheels, idlers and support 


| .000-hour on intervals for truck wheels, 
24-volt direct electric 


and | ghts 


rollers lubricat 


idlers and support rollers starting 


crankcase guard; bumper 


( 
! 
| 
I 
L 


ALLIS- CHALMERS 
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Induced draft fan louvers cre controlled by outdoor-mounted Metermax drive units shown above. 


HERE’S HOW TO GET 


peliable drive unit operation- Outdowr 


Metermax Electric Drive Units operate in out 
door locations in spite of snow, sleet, driving rain, 
and summer sun. They position fan louvers, vanes, 
dampers, mill feeders, or any other controlled ele 
ment. And they never quit as long as you give 
them power 

There’s no need for expensive air dryers, jackets, 
or weather shelters; the units drive in any kind of 
weather—BARE—and give you continuous, ac 
curate positioning 

At all times, electric drive units provide the in 
stant response necessary for closely coordinated 
action, in large central stations where controlled 
elements are widely separated 

As for dependability—these drive units operate 
for long periods with only routine lubrication 
Many have been in continuous service—indoors 
and outdoors—for more than 15 years 

These specific features may interest you 
Self-locking double worm-and-gear drive. 
There's no chance of trouble from backdriving 
And no locking devices are needed 
Self-releasing effect of worm-and-gear per 
mits resumption of remote manual control immed: 
ately on restoration of power you don't have 
to unlock or reset the individual units 





Simple remote control. You transfer quickly 
from automatic to remote manual control by sim 
ply turning the control station handle; there’s no 
reset juss to bother with 
Compact, functional control station arrange- 
ment. Because the electric control stations require 
no piping, a close, functional grouping with other 
moter controls is possible without losing back-of 
panel accessibility 
True position indication. You always know pre- 
cisely the position of your controlled elements; 
electric indicators respond only to actual move- 
ment, independent of friction or sticky dampers 
Low maintenance. These units have no packing 
glands, stuffing boxes, or pilot valves. Your main 
tenance ¢ hores are minimized 
Standard sizes. Whether for 25 or for 2500 
pound-feet, all torque requirements are fully met 
by these standard drive units 

lf your control needs would be better served by 
these electric drive units, why not write us about 
your specific applications? Address us at 4972 
Stenton Avenue, Philadelphia 44, Pa 


automatic controis e furnaces 


instruments 
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It's happening a 
Plant of G.S.A 


over the country! This time it's the West Heating 
n Washington, D.C. Six of the nine chutes shown 


Clad Steel Chosen Again... 





STAINLESS-CLAD CHUTES 
PROMISE FREE FLOW 
IN G.S.A. HEATING PLANT! 


The General Services Administration is replacing worn 
coal chutes in its West Heating Plant with chutes of 
stainless-clad steel. In growing numbers, coal handling 
installations throughout the country are switching to 
clad steel equipment — because of these demonstrated 
advantages 


* 
above, each over 25’ long by 18” O.D., are of Lukens %” 20% Type 304 
stainless-clad steel, purchased to assure free coal flow 


@ substantial economies through lower maintenance costs in 
chutes, hoppers, bunker noses, pipes and spreaders 

@ toughness proved by installations 10 years old which show 
no measurable wear! 

@ freedom from hangups and the damaging and costly effects 
of sulphuric acid corrosion from wet coal! 

@ evidence of service life that matches the life of the boiler! 
@ Plus: ready fabrication 
stainless-clad surface and strong, low-cost carbon steel back 
ing plate over-all] quality that delivers lower maintenance 
costs, longer life and trouble-free operation 


the permanence of bond between 


Want performance facts . .. product information to help 
your engineers make the most of clad steel... the names 
of some of the nation’s best and most experienced coal 
handling equipment builders? Write Manager, Market 
ing Service, 845 Lukens Building, Lukens Steel Com 


pany, Coatesville, Pennsylvania 


STAINLESS-CLAD STEELS fim 


FOR INTERIOR COAL HANDLING EQUIPMENT 


LUKENS STEEL COMPANY, COATESVILLE, PENNSYLVANIA 
Producers of the Widest Range of Types and Sizes of Clad Steel Available Anywhere 
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"7O Ywears Young... 


and serving S32 states! 


From a small start in the coal fields of 
Southern Illinois in 1886—to distribution 
in 32 states from coast to coast and from 
Canada to the Gulf! 

That's the story of Bell & Zoller’s growth 
in service to the coal users of America; the 
result of our reputation and capacity for 
mining the consistently superior coals of 
the country’s finest coal producing areas 


9 


... and of Bell & Zoller’s proven ability 
to deliver these fine coals at low cost almost 
anywhere in America. 

Chances are—wherever you are—that 
Bell & Zoller can supply the best coal for 
your burning equipment and power pro- 
ducing needs too. 

Want proof? Phone your nearest Bell & 
Zoller office. 


Coal Company 


Alabama 
Arkansas 
California 
Connecticut 
Delaware 
District of Columbia 
iMtinois 

indiana 

lowa 

Kansas 
Kentucky 
Maine 
Maryiand 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Nebraska 

New Hampshire 
New Jersey 
New York 
North Carolina 
Onio 
Pennsyivania 
Rhode isiand 
South Dakota 
Tennessee 
Utan 

Vermont 
Virginia 

West Virginia 
Wisconsin 


Cleveland ¢ New York « St. Louis « Minneapolis 
Omaha « Milwaukee « Louisville « Washington, D.C. 
Terre Haute, ind. « Mount Hope, W.Va. 


BELL BUILDING, CHICAGO 1, ILLINOIS 
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OCK 
500% and 2500" © 


Creel Valves: 


power plant maintenance man will 

agree that a lot of valuable time is lost when 
hours must be spent in servicing a single high 
pressure valve. That is why Hancock 15007 and 
2500 Steel Valves are preferred for high-tem- 
perature steam lines. They rarely require atten- 
tion, but when maintenance is needed, the work 
takes as little as one-fourth the time ordinary 
high pressure valves demand. Hancock Valves 
ine for servicing. There is no danger 

internal parts. The bonnet weld is 

never has to be cut to get at the 


c area. 








1 and operating engineers in modern 
nts specify these high pressure Han- 
ss with maintenance requirements in 
re is no bonnet joint to leak, no gasket 
seat insert to leak! In design, in qual- SIZES: %” through 2 w and 
truction—in every respect — Hancock yoke 
| 2500 Steel Valves have every feature SERVICE RATINGS: Screwed and socket 
tect personnel, plant and service veld ends: For all pressures up to 2500 psi 
at 1050° F., O.W.G. 6000 psi 100° F 
‘langed Ends: For all pressures up to 1500 
psi at 900° F., O.W.G. 3600 psi—100° F 


So, when you replace high pres- 
remember that when Hancocks go 


go down! 
Integral hard faced seats, hard faced disc: 











CALL YOUR INDUSTRIAL SUPPLY DISTRIBUTOR for help in meeting you! 
needs for revalving projects and new construction. You can depend 


on his recommendation to save you time, trouble and expense 


in Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


HANCOciec =“ & 


MAwE A product of MANNING, MAXWELL & MOORE, INC. Wotertown 72, Mossochusetts 


: MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN 

MI 4 MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn HANCOCK’ VALVES, Woterfown, Moss 

CONSOLIDATED’ SAFETY RELIEF VALVES, Tulso, Oklchomo. AIRCRAFT CONTROL PRODUCTS, Donbury & Stratford, 

a Conn. and Inglewood, Colif. “SHAW-BOX” AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS 
AND OTHER LIFTING SPECIALTIES, Muskegon, Mich 


MANNING 
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BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


Bayer Balanced Valves are 
famous for their long life 


and continued tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky. 


When stationary elements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 


Bayer Single Chain Balanced 


Valve Soot Cleaner 


trolled system and in addition, when high pres- 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable. 


THE BAYER COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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Bailey Boiler Control Panel for three 150,000 Ib per hr, 400 psi, gas-fired 
boilers. Meter at left records total Steam Flow; the other three meters 
record Gas Flow—Air Flow and Flue Gas Temperature. 


How to Control Steam Costs 


% Close regulation of fuel and air input is vital to a 
strict control of your steam cost. But that’s not all. 
You'll need control of other factors, too. Your costs 
can be held down only by controlling all of the im- 
portant operations in your steam plant. That's 
where you can be sure of help from Bailey Controls. 


Here's why they can do the job and do it right: 


1. Suitable Equipment 


When you receive equipment recommendations from a 
Bailey Engineer his selections come from a complete 
line of well-engineered and carefully tested products. 


2. Seasoned Engineering Experience 


Your local Bailey Engineer brings you seasoned engi- 
neering experience based on thousands of successful 
installations involving problems in measurement, com- 


bustion, and automatic control. 


3. Direct Sales-Service—close to you 


For your convenience and to save time and travel ex- 
pense there's a Bailey District Office or Resident Engi- 
neer in or close to your industrial community. 


For greater fuel savings, leas outage and safer working 
conditions, you owe it to yourself to investigate Bailey 
Controls. Ask a Bailey Engineer to arrange a visit to 
a nearby Bailey installation. We're glad to stand on 


our record. A-125-1 


BAILEY 


1025 


IVANHOE 


Coutrols for 
ROAD 


Complete Controls for Steam Plante 
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““SELF-CLEANING” 
C.H. WHEELER PATENTED REVERSE 
FLOW STEAM CONDENSERS 
OPERATE ROUND-THE-CLOCK 


THIS C. H. WHEELER 
PATENTED REVERSE FLOW SURFACE 
CONDENSER is a two poss, divided 
water box, dual bank design 

pable of condensing 440,000 Ibs. 
per hour of exhaust steam. Con- 
densing surface is 55,000 square feet 





C. H. WHEELER TUBEJET AIR PUMP consists of 
two 2-stage elements, mounted on surface 
type inter-after-condenser. Each 2-stage ele- 
ment is designed to handle 97.5 lbs. per hour 
air vapor mixture at 1 inch HG absolute. 


New Deaerating Features Reduce Oxygen 
Content to Less Than 0.01 cc Per Liter 


! 
| 
| 
! 
| 
! 
! 
| 
| 
| 
) 
| 
| 
| 
| 
| 
| 
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C. H. WHEELER CIRCULATING 
PUMPS are 30” x 42” Vertical 
Mixed Flow, pull-out type 
Capacity is 30,000 GPM each 
at @ total head of 36.2 feet 
Pumps ore driven by 400 HP, 
600 RPM synchronous speed 
vertical induction type motors. 


Progressive power companies are eliminat- 
ing condenser shut downs and operation at 
reduced loads by installing C. H. Wheeler 
Patented Reverse Flow Steam Condensers. 
One rapidly expanding utility has just put 
their fourth C. H. Wheeler Reverse Flow 
Condenser on the line. The latest unit, 
shown above, is not only “Self-Cleaning” 
but also has special new deaerating fea- 
tures that reduce the oxygen content of the 
condensate to less than 0.01 cc per liter. 
Continuous measurement by accurate re- 
cording instruments has proved that this low 
oxygen content is consistent over a wide 
range of load and temperature conditions. 


Condenser circulating water used by this 
power company comes from a_ brackish 
river, laden with debris and leaves which 
clog steam condensers of regular design. 
“Self-Cleaning” C. H. Wheeler Patented 
Reverse Flow Condensers have solved their 
problem of how to avoid the expensive 


shut downs required to hand clean clogged 
tubes and tube sheets. 


Debris is flushed away from the tubes and 
tube sheets simply by reversing the flow of 
cooling water through the condenser by 
means of hydraulically controlled built-in 
valves. Cleaning takes only a matter of 
minutes and can be accomplished under 
full load operating conditions with only a 
slight vacuum reduction. The power plant 
therefore can operate at full capacity 
round-the-clock. 


Whatever your problems are . . . down 
time, deaeration, special operating condi- 
tions or requirements . . . let C. H. Wheeler 
help you solve them. Our engineering skill 
and experience can pay you high dividends 
in economy and efficiency. 


Phone or write your local representative or 
our Philadelphia office for literature, 
information, or assistance. 


weso7 


OF PHILADELPHIA 





C. H. WHEELER MANUFACTURING CO., 19TH & LEHIGH, 


an Mitr ¢ “ 


PHILA. 32, PENN 


s ¥ 


A. 
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“Twin” Scraper dumps its big load... spreads 
and compacts on the fly! 


Aheteel. 
. ay 


e 


The “Euc” maintains a well-drained, compacted pile 
self loads for storage or haul to the plant 


Coal dozer on Euclid Twin Power Scraper 
knocks down the pile to facilitate loading 
ot Kansas City Power & Light. 


Your coal handling costs don't have to be high! Of all the 
ways to stockpile and reclaim coal, none does the job as 


efficiently and completely as the Euclid Twin-Power Scraper. 


The “Twin” is completely self-loading in loose, compacted, 
wet or frozen coal. It builds, raises or extends a well 
drained and compacted stockpile ... carries big loads at 
speeds up to 30 m.p.h. Using Euclid Twin-Power 
Scrapers for coal handling is more economical and a great 
deal more flexible than permanent cranes and conveyors 
from both original investment and operating stand- 
points. The ‘‘Twin" method costs less per ton handled as 
compared to other equipment because of the speed, 


capacity and versatility of these “Eucs’’. 


Kansas City Power & Light Co. uses a Euclid “Twin” at its 
big Hawthorn station and is well satisfied with the high 
production and low maintenance obtained. Installation 

of a coal dezer further increases the scraper's 

versatility by enabling the “Euc’’ to dress edges of the 
stockpile, knock down loose, steep piles at the delivery area, 


and clean up at the dumping hoppers. 


Many other industrial plants and public utilities are 
cutting their coal handling costs with Euclid Twin-Power 
Scrapers. There’s a good chance your Euclid Distributor 


can show you the way to lower costs, too! 


EUCLID DIVISION Generat morors CORPORATION, Cleveland 17, Ohio 
_ 


Euclid Equipment 


ROCK, COAL AND ORE 


FOR MOVING EARTH, 





“ABRASIVE WEAR 
SHARPLY REDUCED” 


Forlonger service in pump casings, 
pipes, fittings and other parts sub- 
ject to abrasion, install castings of 
ABK Metal. A nickel-chrome iron 
of controlled structure, ABK 
Metal is produced only by Amer- 
ican Brake Shoe Co. 


Time after time, on installation 
after installation, reports show 
that ABK Metal is the most eco- 
nomical! material for handling ash. 
The ultimate saving on replace- 


ment parts alone is appreciable. 
The saving in maintenance and 
shut-downs may be even higher. 


Extended life of 4 or 5 to 1 is not 
unusual when ABK Metal replaces 
other iron castings—especially in 
those ash handling or disposal sys- 
tems where the most severe type 
of abrasion is encountered. Don’t 
let ABRASION steal your opera- 
ting dollars .. . SPECIFY ABK 
METAL. 


A}} ) Cao eee 


BRAKE SHOE AND CASTINGS DIVISION 


230 Park Avenue, New York 17, N. Y. 


i | 
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TURBOVANE FORCED DRAFT FAN 


AIRFOIU FORCED DRAFT FANS 
if vane features t “ 
highest efficiencies, quietest ope 


west 


HEAVY DUTY FANS 
WITH FORWARDLY 
CURVED BLADING 
For induced draft serv 
ce. Low first st ce 
sign permits handling 
orge volumes t gos 


ompored |} PT elela 1 


a 


j Ue 


=~ a! 
TURBOV ANE INDUCED DRAFT FANS 
F 


mechanical draft and he 


ndustric yes with potente 


esisting whee 


A Complete Line of Forced and 
Induced Draft Fans for Utility and 
Industrial Power Generation 


These and many other Complete engincering application serv- 


designs available for ice by Westinghouse-Sturtevant is avail 


, able to you to solve any mechanical 
* primary and secondary . ? 


forced draft 
* induced draft 


draft problem. Call our Sales Engineer, 
or write Westinghouse Electric Corpo- 
ration, Sturtevant Division, Dept. 2C, 


* gas recirculation Hyde Park, Boston 36, Mass. 


WESTINGHOUSE AIR HANDLING 


vou caw ee SURE...1¢ rvs y Vestinghouse 
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chooses marathon performers 
in the mechanical draft field 


Clarage Fans Installed at Ohio Oil's Refinery, Robinson, Ill. 


“Best in the long run” is Marathon’s slogan for its gasoline. But there's 
growing opinion that these five words apt!y describe Clarage equipment as well. 

For example, Ohio Oil's $3,500,000 improvement and expansion program 
for their power plant required the removal of Clarage induced draft fans which 
had been on the job continuously since 1926. Think of it, nearly 30 years 
of service under the most punishing conditions a fan can encounter. Value 
received — in full! 

Small wonder that two Clarage Type RT induced draft fans and two 
Clarage Type W forced draft fans were selected to serve the two 180,000 Ibs. 
per hour Riley boilers in the modernized plant. 

These fans are installed outdoors on an elevated platform, and are 
equipped with dual drives arranged for automatic control on both the turbine 
drive and the motor drive. The turbine is kept hot at all times so that it will 
start operating automatically in the event of failure of the motor, magnetic 
coupling, or electrical system 

If, like The Ohio Oil Company, you want marathon performers in the 
mechanical draft field, by all means investigate the equipment we offer. 
CLARAGE FAN COMPANY, Kalamazoo, Michigan. 


---dependable equipment for 


making air your servant 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fons, itd., 4285 Richelieu St., Montreal 
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DIAMOND POWER SPECIALTY CORP. 


LANCASTER, OHIO 











...an unbiased recommendation from 


WESTERN PRECIPITATION 


The only organization with 48 years of dust collection experience. 


ELECTRICAL, MECHANICAL and CMP 


Western Precipitation pio- 
neered commercial applica 
tion of the now-famous 
Cottrell Electrical Precipita- 
tor—has more know-how, 
more experience, more 
basic advancements in this 
highly-technical electro- 
static field of recovery than 
any other organization, 
domestic or foreign. 


Mechanical 








Western Precipitation pio 
neered the CMP (Combina 
tion Multiclone-Precipitator) 
type of recovery unit now 
favored by so many leading 
power plant operators — the 
unit that combines advan 
tages of both the Mechani 
cal and Electrical principles, 
and provides almost con 
stant collection efficiency 





types 


of recovery systems 


Western Precipitation pio- 
neered the multiple small 
tube type of cyclonic col- 
lector—the type with higher 
centrifugal forces for 
greater recovery efficien- 
cies. Multiclones are also 
easier to install, service and 
maintain—and require less 
space than other equipment 
of comparable capacity. 





invaluable 
know-how 


The most important part of every Western Precipi- 
tation installation is this organization's unequalled 
experience gained through almost a half-century of 
continuous leadership in the highly-complex science 
of recovering suspensions from industrial gases. No 
other organization—anywhere—offers such sea- 
soned judgment in Electrical, Mechanical and CMP 
recovery methods. Yet you pay nothing extra for 


despite varying gas volume this invaluable ‘‘know-how’’! 








Let us send you literature which describes Western Precipitation’s unique 
services in greater detail. Write, wire or phone our office nearest you! 


Wester Pree 


Designers and Manufacturers of Equipment for Collection 
Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 


Chrysler Bidg.. New York 17 * 1 North La Salle Street Bidg.. Chicago 2 + Oliver Bidg., Pittsburgh 22 « 3252 Peachtree 
Rd. N_E.. Atlanta 5 + Hobart Bidg.. San Francisco 4 + Precipitation Co. of Canada Ltd, Dominion Sq Bidg.. Montreal 
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spended Materials from Gases and Liquids 








